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EJECT OF THE "WORK. 



The object of tliia scries, though it has been prepared 
th special reference to the joimg, and in written to a 
onsiderable extent in a narrative form, is not mainly t« 
> the readers witli the interest of incident and ad- 
raitnre, nor even to entertain them with aceounta of cu- 
ioiis or wonderful phenomena, but to give to those who, 
lough perliaps still young, have attained, in respect to 
leir powers of observation and reflection, to a certain 
egree of development, some substantial and thorough 
latraction in respect to tlie fundamental principles of 
10 sciences treated of in the several volumes. The pleas- 
thereforc, which the readers of these pages will do- 
ve from ttie perusal of them, so far as the object which 
i author lias in view is attained, wiU bo that of under- 
nding principles which will be in some respects new 
them, and which it will often reiiuiro careful attention 
their part fully to comprehend, and of perceiving sub- 
laently by means of tJiese principles the import and 
ignificance of phenomena occurring around them which 
id before been mysterious or unmeaning. 
In the preparation of the volumes the author has been 
rcatly indebted to the works of recent European, and 
ijMJcially French writers, both for the clear and succinct 
xpositions they have given of the rcsidts of modem in- 
cstigstionB and discovcriea, and also for the designs and 
igravinga with wliich they liavo illustrated them. 
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CHAPTER I. 



Light proceeding from a luminous object tends to radi- 

ito in all directions. If the luminous object ia a candle, 

I ihe rays can only diffuse themselves upward and on the 

I udes, those tending dowmrurd being intercepted by the 

I candlestick, the table, and the ground. 

If the candle, ho shining, is enppoBed to be at the Bnrface 
I of the earth, or npon any horizontal plane,- and there is 
I nothing to intercept its rays upwiar^oi^ vn tmy «frfc. then 
B plain that the space which'the 'laya illr.minato wUl.be 
I of the form of a hemisphere, v/itb-arfsdius equal to th^dis- 
I'tance through the air to which the light could penetrate. 
I Tliebasc of the hemisphere wonld Roincide with the grouid, 

■ the horizontal plane, whati\?er it might be, on ■wliieb, 
I the candle was placed, wh;lR-the. spherical surface of jt 
I irould extend into the air, farming a great dome over and ' 
^BTOond the candle, like a kind oi Iowcp sky. ■',-.. 

Let hb snppose that the atmosph^ce at the timc^ ja, i^u'rti- 
■tjon is so clear that the light of w.&h a candle, 'cvuuld be 
(risible for a distance of half a mile. Ttienlbe radius of 

B hemisphere in the atnioBphero which would be illumin- 
mHeA — that is, the distance from ibe centre to the outer 

mntLiiy of it, wonld bo half a mile. 
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But, now, if ve suppose that instead of a candle at the 
surface of the earth we have a flame, or other iacandescent 
object, of the same size, and of precisely the eame power 
to radiate light, in the air half a mile ahove the surface 
of the ground, then the hemisphere that was illuminated 
would become a sphere or globe, the diameter of which 
would be a mile, the distance from the centre to the cir- 
cumference being on every side half a mile. 

The light of this candle, or of the luminous object, what- 
ever it might be, so placed, would be barely visible to any 
one on the earth looking upward, for, by the supposition, 
half a mile is the limit of the distancQ to which the rays 
could penetrate through the atmosphere and retain suffi- 
cient force to produce their proper effect on the human 
eye. An eye placed any where else, also, on the margin of 
the illuminated sphere, and directed toward the centre, 
■would see the light. So, also, if an eye were placed any 
where within the outer boundary of the sphere, and were 
directed Upward Jhe centre of it, it would see the light, the 
imp/esslqn being ijio.toore vivid as the eye making the ob- 

.serntibit mqved'iji' fr^'bl'thc outer boundary toward the 

•oe'fltfeV" ' ' *".'•■■'■.'•"•' '• 

*' '"Tfjs must not BuppoV , howCver, that such an illuminated 

sphere as we have de^ribed -would have any precise or 

definite boundary. Soroeilpunau eyes are much more flen- 

' "Wtive than others, and cys.Bei; a much fainter light, or, In 

'-"fij&it words, can see a ^JWn' luminous object at a much 

■ grs^t^T distance thjin (Hjliw's: The eyes of some aniraale, 
Vne^-J^^tfctsJ flight >VBJg,"or beasts of prey, arc probably 
mote''9fc[rslljve than- dnyliuman eyes. And oven beyflu' 
the limit'at tvJiich the light would cease to produce a^ 
feet upon any organ of vision, some of its radiations 
penetrate and produce other effects of which we hav 
cognizance. 80 that the magnitude of the sphere ' 



;Woiild he occupied by the radiance would be estimated 
-■very differently according to the different tests of the pres- 
eaiee of light which we might apply. Still the portion of 
space that the radiation would fill would in all cases be a 
flphere, with the luminous source itself in the centre of it, 
Mncc the limits would be at an equal distance from the 
centre on every side, whatever might be the test by which 
the limits were determined. 

Thus every Inminous point, the radiation fi-om which is 
not interrupted on any side, is the centre of an illuminated 
sphere — illuminated in a certain sense, as will be presently 
explained — which ephere is larger or smaller accoi-ding to 
the intensity of the light and the transparency of the me- 
dium surrounding it. In the case of a common candle, and 
in an ordinary condition of the atmosphere, this sphere 
might perhaps be a mile in diameter, supposing the limits 
of it to be determined by the powers of human vision. 

Tho sphere thus surrounding the luminous point \sJiUed 
with light — that is, filled in a certain sense, which will also, 
<£ke the sense in which it is illuminated, be presently ex- 
plained. A light bright enough to be seen at a distance 
miles would in the same manner, if its radiance were 
not obstructed in any direction, foi-m the centre of an iiln- 
mioated sphere ten miles in diameter. 

The sense in which this sphere is illuminated or filled 
%itli light is this, namely, that if an eye is placed any 
here within it, and ia turned toward the centre, it will see 
le light — that is, there is no part of it in which there 
onld be found any space as large as the pupil of the hu- 

('UaD eye, and probably not any as large as the area in- 
iclndod by tlio eye of the smallest insect, that would not 
mish rays enough to form an image upon the retina eo 
I to pro<lucc vision. 
AjiA here I ntast pansc a momci\t to cx^\aMiVcss( \V\k 
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that an imago is formed upon the retina of the eye 80 as 
to produce vision. 

If yoa examine one of the glasses of a pair of spect&ctes 
such as are used by elderly persons, and sometimeB, indeed, 
by persona who are still young, but not near-sighted, yon 
will see that tho glass is thicker in the middle than at tbft 
edges. Such a glass is called a convex lens. If^ now, in 
the evening, yon remove or extinguish all the lights in the 
room but one, and put that light at one side, or in one cor- 
ner, and then proceed to the opposite corner, or into the 
darkest part of the room, and there hold a small piece of 
white paper against the wall, and one of the glasses of tha 
spectacles between it and the light at the proper distance 
yon will find that an image of the candle, inverted, will be 
formed upon the paper or card. The imago may be small, 
but if the experiment is carefully performed it will he beau- 
tifully distinct and clear. The lens collects and concen- 
trates the light, and fonna an imago of the candle upon the 
pajier or the card, which serves as a screen to receive it. 
Of course this experiment can be performed on a larger 
scale, and in a moch more satisfactory manner, with a 
- proper lens and other convenient apparatus, as shown in 
the following engraving. 

Now in the eye there ia just such a lens and just such a 
screen — that is, just such in respect to function. The lens 
is in the front part of the eye, and the screen, which is 
called the n^ina, ia in the back part; and it ia by means 
of this image on the retina that the picture of the outward 
object ia conveyed to the mind. 

Now when it ia said that the whole of the illuminated 
sphere surrounding a source of light as described is, in a 
certain sevse,^led with light, the meaning is that there is 
no part of the whole space where an opening no larger 
than the pii;)il of the human eye will not take in enough to 
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i,l»y their concentration upon the retina, nn image of 
oua point from which they proceed, just as a lens, 
(d in tbo manner I have dcBcribeJ, will gather rays 
ragh coming from the candlo on the other side of the 
a to form an imago of the candle on the paper screen. 
** Lawrence," said John, one day, aa he had been reading 
Kmt thia in a book, " here's a nice experiment for me to 
', if I only had a pair of spectacles." 
" Woold my (syo-glass answer the purpose?" asked Law- 



"No," replied John, "I think not. 1 suppOBO your oye- 
IB8 Is concave, and what I require is a convex lens. Let 
b take it a moment, and I can soon tell." 

was lying, or, rather, reclining on a sofa in tho 

jncT of llie room near a window, with his head toward 

■ window, so that the light fell fair upon the page of tho 

c wbioh he was reading. John was sitting at a table 

■r. Lawrcnco unhooked his glass from the cord to which 



it was attached, and handed it to John, saying at the sarao 
time,* 

"There it is; but find ont whether it is convex or con- 
cave with your eyes, if you can, and not with your flngers." 

" Wliy not with my fingers ?" asked John. 

" You can feel of it if you find it necessary," said Law- 
rence, " but the less we touch poUshed glass with our hands 
the better. There are always particles of dust floating in 
the air, and these alight on our fingers and on the glass,, 
and wlien we rub our fingers over the glass we rub the 
BurfacG with these," 

"And does that do any harm?" asted John, 

" It depends upon wliat the particles of dust are com- 
posed of," replied Lawrence. " Some of them are minute 
fragments of cotton or woolen fibres worn pfffrom clothes.. 
They would not do much harm. Some are minute spores, 
of plants." 

"What are spores?'''' asked John, 

"A kind of seeds," said Tjawrencc. " They are from such' 
plants as form mould and mildew; and some smaller still 
— so small, indeed, that the plants thcmselveB can not be 
seen except with a microscope; and you can judge how 
small the seeds must be. These would not do much harm 
any more than the woolen and cotton abrasions. But there 
is another kind of dust which comes from the road, and 
which consists of minute scales of iron, from the shoes of 
the horees, and the tires of the wheels, or, what is still 
worse, of fragm.ent3 of stone from the pavements, some of 
which are siliceous — that is, of the nature of flint, and are 
exceedingly hard. When you rub these over the glass 
with your fingers, or with a cloth, or a pieco of leather, al- 
though no one rubbing produces any perceptible effeotj 
after a time the fine polish begins to be dimmed. 
• Seo Fronlispi 



So tliat, if you ai-e going to study opticB," continaed 
liAwrence, " and are to liavc any nice lenses and prisms to 
lake experiments with, I advise you to be very careful 
ow you rub them with dusty fingers or dusty cloths." 
" Yee, I will," said JoLd. 

" A good lens," said Lawrence, " is a very delicate thing, 
ad sometimes a very costly thing. It requires, in the first 
lace, a very nice preparation and mixture of the materials 
at of which the glass is made, and great care in the mak- 
Ig of it, to sGCoro its being uniform and homogeneous 
;hont, BO as to act upon the light in the same way in 
rery part. Tlien it is a very nice operation to grind it 
recisely to the true form, and to polish it perfectly. So 
lat, when you get a good lens, if you ever do get one, you 
in't he too careful of it" 

While Lawrence had been saying these tilings, John had 
een attentively examining the eye-glass, without, how- 
rer, teaching the glass at all. 

"Yes," said he, "yours is a concave lens; it is thinner 
1 the middle than at the edges. I want one which is 
licker in the middle than at the edges," 
"Perhaps the landlady will lend you her spectacles," 
ud Lawrence, 

Lawrence and John were at this time in lodgings in Lon- 

jn. The ieepor of the lodging-house where they had 

iken their rooms was quite an elderly woman, and very 

»on after he had given Lawrence's eye-glass back to him, 

aha heard her footsteps in his bedroom, which was a 

room adjoining their sitting-room. John wont in 

immediately, and asked her if she used spectacles. She 

■aid she did sometimes. John asked her if she was willing 

lend hira her spectacles a few minutes; he wished to 

!0 an experiment on light with them. 

Cortunly," sJ)c said. He conld lia.\c ttewv ^a 'isiiVV %». 
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not ; but they were a poor old pair, very loose in the joints, 
and she was afraid they would hardly be of any use to 
him. 

John said that the looseness of the joints would not be 
of any consequence. So the old lady went out and pretty 
soon returned with the spectacles. 

John's plan was to go into his own room to try his ex- 
periment, as it would be necessary to darken the room, he 
said, and he did not wish to interrupt his cousin^s reading. 
But Lawrence said he would like to see the experiment 
himself So John lighted a candle and closed the shutters, 
following the directions given in his book. Then, placing 
the candle on one corner of the mantel-piece, and going to 
the farther corner of the room, with the spectacles and one 
of Lawrence's cards in his hand, he attempted to form an 
image on the paper in the manner we have already dd- 
scribed. 



' JOHM^ TTT^ ttlCTif le^f r,- ' 



CHAPTER IL 

AND MT8TEBT. 



John wtib quite Burprised at one phenomenon which pre- 
■ented itself to his attentiou in performing hia esperiment. 

Tiite he was making his preparations, Lawrence remained 

a the sofa, intending, as soon as he found that John had 
hicceeded in bringing the light to a focus and producing 
D image of tlie candle, to go and see it. But John eeemed 
encounter some difficulty, and pi-esently he said that he 
Wold not manage the spectacles, for he could not keep the 

w out of the way. 

"If I take them by one of the glasses," he said, "and 
lold the other glass up for the light to shine through, the 
Ipper bow fails down over it, the joints are so loose." 

" Never mind," replied Lawrence ; " let it fall," 

" Then that will make a blank bar across my picture," 
aid John. 

" No," replied Lawrence ; " try it and pee." 

So John held one of the glasses up, with the bow belong- 
Bg on that side hanging down over it, and then, placing 
IIB card against the wall, he moved the glass to and fro, 
t as to find the right distance tor producing a distinct 
mage. He expected, of course, that the shadow of the 
Kw would be seen extending from above down over the 
Ictnre, if he sneceeded in producing any picture. 

But, quite to his surprise, ho soon obtained a very escel- 
int image of the candle, and without any shadow, or dark 

r, or any other indication of the bow at all, to disfigure 
The image was reversed, it ie true — that is, it was up- 
^fiwa — bat it ivas very disttnot mi lat'j 'Wwi'iSs^* 
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There was tte flame perfectly formed, though pointing 
downward, and the wick (which appeared like a elender ■ 
black line in the middle of it), and the top of the candle 
(which was rendered bright for a little distance by the 
translucency of the was at the margin), all plainly to be 
Been. 

John was very much pleased to find hia experiment so 
BuccGBBful, and he called Lawrence to come and see it. 
Lawrence came, and he Bhowed John how he could vary 
the effect by changing the distance of the lens from the 
candle, though this made it necessary also to change the 
distance from the lens to the screen. The nearer the can- 
dle was to the lena on one side, the farther it was necessary 
to place the sci-een on the other, iu order to bring the rays 
to a,foeu», as it is called — that is, to make the image dis- 
tinct. 

John was, however, very much sui-prised to find that 
thei'o was no dark lino across the picture of the candle 
corresponding to the bar formed by the bow of the spec- 
tacles, Lawrence told him it would he the same with any 
opaque substance at the sui'face of the glass. He might 
put a patch directly npon the glass itseli^ and it would not 
Bhow as a spot of shadow on his picture. 

John tried this experiment. He cut out a small round 
piece of paper about as large as the section of a pea, and 
then, wetting it to make it adhere, he put it on the glass. 
Notwithstanding what Lawrence had told him, he could 
not help expecting to see it produce a round black spot 
upon the image of the candle. But it did not do so. The 
image became somewhat less bright than before, it is true, 
bnt there was no appearance upon it of any shadow, either 
from the bar or from the paper patch. 

Lawrence explained to him how this wan, and I intend \ 
to repeat the explanation in a future chapter \ but now I ' 



mast return to tho illumined epherc, which, I havo said, 
always eurrounds every luminous point, so far aa there ia 
no object intervening to intercept the rays, 

ThiB sphere, aa has already been Baid, is filled with light 
in the sense that in no part of it can an eye be plaeoil 
wliere there will not be rays enough, if tho eye ia turned 
toward the luminous point, to enter the pupil and form an 
image of the source of tho light on the retina, as John 
formed an image of the candle on his card by the lens. 
And it is in this sense only that the space within tho 
epbeni is illumined, namely, that it is completely filled 
with rays of light proceeding in close proximity to each 
other from the centre to the cireumferencc. 

These raya, it is true, diminish in intensity, in some mys- 
tcrioQS way, as they proceed from the centre to tho circum 
fercncc; but, in whatever way this diminution of intensity 
is effected, it is not done by a separation of the rays from 
each other as they diverge, bo as to leave some parts of t/te 
space empty. 

liadiation from a luminous point is, indeed, often in books 
represented by lines diverging from each other as tliey re- 
cede from the centre, and this, however closely the lines 
arc together in tho centre, gives us the idea of a necessary 
t^tartUion between theni toward the outer portions. But 
wu must not imagine that the diminution in tlic intensity 
of light, as the distance from the source increases, is pro- 
by any separaCion of the rays. Exactly how we are 

picture this diminution of intensity to our minds it is 
lalt to say, but it is certain that it is not tho result of 
ttpofotion, of lines of radiance from each other as they 
leaving intervals between them dark. 

Tn describing the phenomena we use the word rays, and 
Wu represent the radiation by lines ; but we must conccivi' 
of it, BO Cur as wo cau, as Lomogeueoaa \,bi;o\i^\uiM.V.,%'a&.'^ 



dimmishing in intensity, when it does so diminish, without 
the least inteiTuption of continuity. 

The sphere thns is iiluminated only in tJiis seuee, that 
au eye in any part of it, turned toward the centre, woaltl 
sec the light; looking in any other direction through th| 
sphere, it would see nothing. We may, however, coacffifj 
such a sphere to be illuminated in another sense, as follows 

If, for example, the spherical space were filled with dm 
or smoke, or any other substance consisting of fine pari 
cles, and if the hght in the centre were increased iu int( 
ity just enough to make up for the loss that would be 
casioned by the intercepting of the light by euch partiolet 
then the space included would be illuminated in anoth^ 
way. The sphere itaelf would then become visible, just aa 
the sunbeams do when shining through a crevice into 
dusty or smoky room, or tlie rays of the sun when they i 
luminate the mistiness floating among the clouds at eve: 
ing in the western sky, and which people call " drawioj 
water," under the erroneous idea that those lines of iighl 
are streams of vapor ascending into the air. The effect it 
produced hy the rays of light passing through the intop 
stices in tho clouds, and then shining upon and being 
fleeted by the particles of mist which they meet with ott 
the way. It is true that the direction of the illuminated 
lines is generally downward, as there is usually more mist- 
iness in the atmosphere near tho earth than above, though 
they are sometimes seen ascending as well ; 
as is represented in the following engraving. 

If now the sphere surrounding the luminous point which 
I have been describing were illuminated in this manner — 
that is, by having particles floating in the air to receive 
and reflect portions of ths light — with a siilficiently 
creased intensity at the source to just make up for 
loss, the form and the extent of it — that is, of the win 




—would be visible to tliu eye, appearing like a vast 
I of light a milo in diameter, bright at the centre, and 
tdnally dirainishing in brightness from the centre to the 
; Borfuce, where the light, by iuBensible gi-adations, 
[boat any definite boundary, would melt into tlio dark- 
B ftod disappear. 
^t must be understood, however, that this sphere wonlil 
tc thus visible tw us, not by moans of any of the rays of 
light which were passing ont from the centre to the eir- 
^minfcrouue of the apheRi on their regular coui'se, bnt only 
^mt meaiia of lliat portion of them which was intercepted 
^Hthc way and retloctod to the eye by the solid particles. 
^VAnd this brings to our minds a principle of fundamental 
Hnportanoc, namely, that no light pi-oduces any effect npon 
Bar vision except such as passes into the eye. It may pass 
K^lbra ns or across oar field of view in any quantity and 
H^sny intensity without being perceptible to us at all. 
Wk^ only when it enters the eye, and falls upon the screen 
^^Hed the retina, in the back part of it, that we can Lave 
^^V Ronscionsuc!^ of its presence. 
^^BbuK^T Slid) ;i (.md'c as we have BUU^OBci ■«(S't w«- 



rounded by an atmospLere bo far transparent as not t 
contain any Bubstaiices capable of sensibly i-eflectiug the 
light, the light would go on dimiiiisliiug in intensity a 
receded from the centre nntit it diaappcared, and in thai 
sense the whole sphere would be illumiNated — that i8,il 
would be Jilted with a radiation of light/ but in lookiuj 
toivard it we should see nothing except the lamtnouB iwiii 
in the centre, and we should nut sec that unless our cyei 
were turned directly toward it. 

And now let ua suppose that, instead of one luminoU 
point or caudle flame, there were two, and that tliey wen 
placed at the distance of half a mile from each other; Ibl 
two illumhiated spheres would then interpenetrate eaol 
other, BO to Bpuak, to the extent of half their diametera 
The i-ayB from A, proceeding in the direction toward I 
would encounter those of B coming toward A. The ei 
counter would be direct on the line joining the lino ce^ttrtt 
points, and in all other parts it wouhl be indirect, and thi 
crossing would be at vaiious angles. 




In those parts of the space common to both spherofl 
which are equidistant from the two centres, the two ra- 
diances eneounti-ring each other would be equal. In thoM 
parts which were nearer to one than to the other, tho ligM 
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coming from the nearest point would be strongest. Thus 
the radiances issuing from the two centres would encounter 
each other, in the space common to both, at every possible 
angle and with every possible disparity of force. 

And yet, so far as we can discover, such rays do not in- 
terfere with each other in the least; for, wherever you put 
your eye within the portion traversed by the light from 
both the centres, if you turn your eye to either, you have 
its image as clearly and distinctly painted on your retina 
as if the other did not exist ; that is to say, the radiance 
which comes from one of the points, though its track has 
been crossed all the way by the emanation from the otlier 
— both filling the space completely — ^is not disturbed or in- 
terfered with by the other in the slightest degree. 

This is wonderful, and it is for the purpose of furnishing 
a clear, simple, and precise idea of the nature of this mys- 
tery, as the foundation of a right understanding of what 
is to follow, that I have made these suppositions of candles 
in the air. 

If you have followed what I have said closely enough to 
have received distinctly an idea of the nature of this won- 
der of the non-interference, in the ordinary sense, of lumin- 
ous emanations moving in contrary directions, and cross- 
ing each other at every possible angle and on the same 
track, you are prepared to appreciate in some degree the 
amazing magnitude and extent of it. Every star in the 
sky is the centre of a sphere that is illuminated by its ra- 
diation ia the manner I have explained — a sphere, too, 
which is so enormous in extent that its magnitude and 
grandeur surpass all human conception. 

Light is proved to move at the rate of between one and 
two hundred thousand miles in a second, which is sufficient 
to cany it round the earth in the seventh part of a second, 
and there are stars so remote that it ^o\i\& y^^w^ Kuu* 



rfn;(ffl o^ymrs for their light, moving at lliat ii>coneeivab!y 
great velocity, to voacb the earth ! Think of the enormous 
maguitude of a sphere travei'sed by the radiance of such a 
Btai' 1 Now every one of the millions of stars — and if 
hicludo, as we ought to do, with those that can be seen by 
the naked eye, those whicli are brought to view by the tel- 
escope, eitlier as single Btars or are resolved fi-om Tifbiila;, 
the number is to be reckoned at thousands of millions— ia 
enrronnded by a sphere of radiance which must extend to 
us, and all these sphtTes occnpy the same space, entering 
iuto, crossing, anil interpenetrating each othi 
reotion, so that, when yon hold up a needle in the evening 
air on a cleav night, there are millions upon millions of di 
tinct radiations passing through the eyo of it in both direo- 
tioDS, encountei-ing each other at every possible angle and 
with every conceivable disparity of force. And yet each 
one of these radiations maintains its way so entirely nniii- 
terrnpted and undisturbed by the rest, that you tan select 
any one of thfin yon choose, and, by conducting a suffi- 
cient portion of it from the space around, by moans of the 
telescope, to your eye, you can there produce fi pictnro of 
its source upon the retina its clear, and distinct, and as 
sharply dcUned aa if its own radiance was the only ono 
emitted, and had the entire and exclusive occupation of 
the field. 

There is noway of escaping from or diminishing the un- 
utterable wondei-fnlneas of these facts. I have only called 
the emiaaon a radiance — that is, something radiated—^ 
without intending to say in what it consist* It has been 
thonght to consist of streams of in finitely m inn te particles 
of matter. It is now generally considered as an nndulst- 
tion or vibration in some extremely subtle medium diP 
fused through space, to which the name luminiferints ethef 
has been given, which phrase means, simply, the unknowrt 



imething whicli trausniits the light. It ia supposed that 

r tile otber of these two suppoBitioiia must be coiTCCt, 

ecaase these are the only two ways lu whicli we can coii- 

iive that action of any kind can be conveyed thiougli 

But whether there may not be modea of traneinis- 

iou for force that man, with hU present mental conetitu- 

ion, can oot conceive of, is a grave question. 

At any rate, it is now aniversally agreed among eciea- 

e men to regard light -is ti'ansmitted by a eerlee of un- 

abitory niovemeuta in an intervening medium, and all 

J calculations and all the language used in describing 

> iihenomeiia aie based at the present day on this liy- 

thesis. In all the diawings, however, and other illustia- 

ioDfl intended to represent the action of light to tlie eye, 

he radiation is represented by lined, which ai-c more aj>- 

ropriate to the idea of a progressive motion of slreama 

Fparticles than to that ofnndnlatiooa. We arc obliged 

uBC both these modes, as the best symbols of thotight 

t our commaud; but when we attempt to (>ass from these 

pnbols to the realities which they are intended to repre- 

we arc lost in wondering what the actual nature of 

itions can be that can thus meet, and cross, and eii- 

aunter each other in every imaginable way — in siieh 

Dontless numbers, within such inconceivably narrow lim- 

1, and at such inconceivably rapid rales of motion — taiA 

I of the millions of seiiarate motions pui-sue its own 

ray without being in the least degree deranged, disturbed, 

t interfered with by the rest. We aak ourselves in amaze- 

lenl, niiat can the emanation be, in its intrinsic nature, 

lul can exist under such conditions as these? What is 

gilt? We can not tell. We can really know nothing of 

la cMcalial nature. We can only study such of its modes 

f actioD nnil sui'Ii of its effects as come within the reach 

fcHir xrii^ea and of our half-<lev eloped reasoning powers. 
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CHAPTER la 



THE VELOCITT OP I 



It may eeeni etrange, as, indeed, it really ie, that, sincQ 
light moves at bucIi a velocity as to carry it seven times 
around the earth in a second, there can he any possible 
way by which its velocity can be measured. But many 
ways of doing this have been discovered or doviaed. 

Some of these methods are astronomical — that is, the' 
velocity of light ia detennined by observations of certain 
movements and apjiearnnces among the heavenly bodies, 
and by computations made from them. Fully to nndor- 
Bland these computations, and the astronomical principles 
on which they are haacd, i-eqnircs a degree of mathematical 
and astronomical knowledge which few persons have lime 
to acquire. But astronomers have given such abundant 
proof of tlie soundness and truatwoi-thinesa of their meth- 
ods, in the exactness^to a second — with which their pre- 
dictions in respect to eclipses, transits, oeeultations, and 
other celestial phenomena are always fulfilled, that when 
they agree in assuring us that they have determined any 
point connected with celestial phenomena, we have every 
possible reason for placing confidence in the result. 

A general idea, moreover, of one of the methods adopt- 
ed can be obtained by the aid of the following engraving. 
The method consists in making first an exact computation ,' 
of the time when some astronomical phenomenon will actU' 
ally occur, and then obser\'ing the difference in the time 
in which it is seen to occur by an observer on the earth 
when the earth ia on opposite sides of its orbit. The phi 



isenou most convenient for sudi purposes 
iie1i]i8e of sonic ouu of the satellites of Jupiter 



1 the engraving, e i-cpreeents tlie Batellite about enter- 

; tlie shadow of the planet. The precise moment at 

chich it roally enters is known befoi'eband, and it is found 

e obacrvation that the apparent time of its en- 

ing, OS Been from the earth wben it is at T, in that part 

H orbit which is neaiTBt the planet, is a certain number 

f minutes sooner than when it is observed when the earth 

I at t — that ic, in the part of its orbit which is most re- 

From these data, the time required for the light to 

( through the diameter of the earth's orbit is doter- 

d. 

e conclusions deduced from asti-onomical observations 
J these have been abundantly confirmed by ingenious 
leviOGS which have been contrived for measuring the ve- 
jcity of light on the earth's surface. The engraving on 
( following page represents one of these methods, the 
iciple of which, with a little attention, can be easily un- 
rstood, though it would require a great deal of practical 
wrienco and skill, and very delicate powers of observa- 
1, to enable any person to perform the experiment suo- 
sfuUy with it, so as to arrive at a satisfactoi-y result. 
1 will see by the engraving that the apparatus con- 
f two M'pai-ale parts, which are connected by dotted 




it, the two pnrts arc pUiccd at the distance 
ofBeveral miles from each other, the ecparatioii being rep- 
resented by the break in the dotted lines. The left-hand 
part of the apparatus is simply a hollow tube, having at 
the right-hand end of it a lens, and at the other end a mii-- 
ror, which are so adjusted that a beam of light entering 
through the lens sliall be brought to a focus on the mirror, 
and then reflected back through the lens again on the same 
path by which it came in. 

That an incoming and an outgoing radiation can thus 
pass through the same tube, in contrary directions, at the 
same time, without in the least degree interfering with or 
deranging each other, is only another example of the won- 
derful action of this mysterious power that was described 
in the last chapter. 

The portion of the apparatus toward the right is set at 
the place where the observation is to be made, the oilier 
part, as has already been said, being placed at as great a 
distance aaposaible,but within view. This second part of 
the apparatus, like the other, consists of a tube, with a 
branch near one end of it, which is open toward the Eource 



Blight. As tho light enters tlie tulie, the rays, of course, 
■p diverging. Kcar tlie cDtrnocc they pass through u 
tpa by which they are made parallel, A little farther on 
Bey psea throogh another leua, Ly which, from being par- 
Hfii, they are made to coavei'ge, but before coming to a 
■DUB they strike the plate of glass, 31. This glass, though 
m. strictly a mirror — not lieing eilvered on the back — re- 
meU u large portion of the rays, turning them into tlie main 
Kbe,but without, however, changing their convergency. 
I Od the other side of the tube is a Bystera of clock-work 
BOved by a weight attached to a cord that is wound round 
i dram seen at the end. Those who are interested in 
Ifucing out the coanections of machinery will see that 
Biere arc four axles in this work. Tlie firtl is the axle of 
Bie drum. Near the end of this axle, toward the right, ia 
■ large toothed wheel, which carries a small wheel upon the 
•nd of the next axle. On the left-hand end of this second 
lule is another large wheel, which carries a small wheel on 
Iho third axle. Tliis same system of lai-ge wheels cari-ying 
itnall ones is carried through the fourth and fifth axles, 
p>d thus a very great velocity ia imparted to the fifth by 
■be descent of the weight. 

I On the lefl-hand end of the fifth axle is a large wheel, 
Iphtch yoo see enters into the tube through a slit made in 
fee side of the tube for admitting it. The margin, or cir- 
Biimfer«ncc of this wheel, is out into ahemnto nole/ies and 
meth, BCjuarc in form and equal to each other, and tlie wheel 
p BO Boosted in respect to the tube at the point where the 
kam of light passing through is just coming to a focus, 
fcat each tooth, as it moves by, shall stop a beam of light, 
bhiUi the uotch that follows shall allow it to pass. Thus, 
Mien the wheel is rapidly revolving, a succession of flKshes 
pill pass out through the tube, following each other with 
kconceivable rapidity. 



Let las now auppoae foi- a moment that tho weiglit is dis- 
connected from the drum, but that there is a handle at- 
tached to tli« axis of it, by meana of which we cau tuni the 
wheel at any i-ate of velocity we q^oose. Let ua also sup- 
pose that tho other part of the instrument — that is, the 
part that we placed on a distant hill, is so far away that 
it would re<itii)'e one second for the light to pass over the 
adjoining country to it, enter the tube, be reflected to tho 
end of it, and return. This would be impossible in fact, 
Binoe light travels at a rate which would carry it seven 
times round the earth in that time. We can, however, snp- 
pose it for the purpose of illustrating the action of the ap- 
paratus. Let ua suppose that we allow a flash to pass out 
through a notch, and that an observer with his eye at A is 
watching for its rettira. At the expiration of the second, 
the time required for its journey, he would see it through 
the glaae, M, which, it will be remembered, was not silver- 
ed, but only polished, so that, while it reflected a portion 
of the light, it also allowed a portion to pass Ibrongli, 

But if, on the other hand, the wheel were to be moved 
while the ray of light was gone, bo that, on the return, it 
should find a lootk in its Kay to stop it, instead of an open- 
ing to allow it to pass through, it is plain that the eye at 
A WAuld see nothing. And, moreover, if the wheel were 
made to revolve regularly at a ifite which should bring a 
notch and a tooth alternately into the path of the ray at 
intervals of a second, then every flash which went out 
through the notch would find a tooth in its way to inter- 
cept it when it came in, and tho eye at A would not see 
tTic light at all. 

If it required less than a second, as, indeed, it actnally 
must, for the ray of light to paas to and fro, then all that 
would be required to slop the flashes on their return would 
be to make the wheel turn faster; and it is easy to see 



BESULT OF THE EXPERIMENT. 35 

that, from the degree of speed which it would be found 
necessary to give to the wheel in order to bring the teeth 
up rapidly enough into the path to stop every flash on its 
return, it would be easy to determine the time required 
for making the journey. You will see, by a careful inspec- 
tion of the figure, that there are two little indexes at the 
ends of the fourth and fifth axles, by which the speed of 
the wheels in this instrument is registered, so that the com- 
putation can easily be made. The result of a trial made 
with the apparatus near Paris corresponded very nearly, 
in respect to the velocity of light, with those which had 
been obtained by the astronomical calculations. 

I have described this contrivance in detail, both because 
It is very useful to learn to understand tho nature and ac- 
tion of mechanism from engravings and descriptions, and 
also because this case is a striking instance of the ingenu- 
ity and skill which have been exercised by scientific men 
in discovering secrets of nature which we might have 
thought it hopeless to attempt to unfold. The idea of at- 
tempting to find any means of actually measuring, with- 
in a space of a few miles, the velocity of a motion swift 
enough to pass seven times round the earth in a second, 
would have seemed to every one, at first view, to be utter- 
ly chimerical. 

Do not forget the result, which is, that the velocity with 
which light moves is such as to carry it about 175,000 
miles, or seven times round the earth, in a second. The 
rays require about eight minutes to come to us from the 
Bun. 
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CnAPTER IV. 

THE LAW OF THE SQUARES OF TUE DISTANOEB, 

I MUBT admit tliat tbe title of this chaptei' is not, at tha 
first view, at all an attractive one. It sounds very mathe- 
matical. But then there ia an interest and a beanty in a 
mathematical principle when it is once understood, and as 
this one, known as the Law of t!ie Squares of the Distances, 
can be easily nnderslood when properly explained, and a- 
it is one of fundamental importance, not only in its appli- 
cation to the subject of light, hut in countless other cases 
where we may observe its operations in the phenomena 
of nature, I hope that none of the more intelligent and 
thoughtfnl of the readers of this book will bo alarmed at 
the mathematical aspect of its name. 

The circumstances nndei- which John's attention was 
first called to it were somewhat curious. He and his 
consin Lawrence had been making an excursion that ('•xj 
to the Tower ofLondon,a famous old stmetui-e, which is 
used in former times as a fortress to defend the city 1 ■> 
hostile vessels coming up the river. Of course, since ^lii* 
was its object, it was below the city al the time when it 
was built, but the city has now extended far below the 
spot on which it stands. I is, for other reasons also, now 
useless for any purposes ofik'fenee,bnt it is still preserved, 
and is used as a museum of curiosities, and contains vast 
collections of ancient arms andarraor, andof a great many 
other relics of old times wliich are very curious to see. 

Lawrence and John had been to visit it that day, and 
liad stopped on their return to their lodgings to din ■ at a 
roffi'pJiDijse; for, as it was uncertain what time they ,'ob14 
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return, they had concluded not to make arrangements for 
having dinner at home. It was eight o'clock when they 
arrived, and, when they went into their sitting-room, the 
housemaid went before them and lighted the candles which 
stood on the table in the middle of the room. They were 
two very tall candles, in two very tall candlesticks, so that 
the flames of the candles were about two feet above the 
table. 

John went to the sofa and sat down upon it, as if he 
were glad to find a place where he could rest. 

"I'm tired," said he, "and yet I've an hour's work to do 
before I go to bed." 

" How is that ?" asked Lawrence. 

" Why, I have a half hour more of study to do, and then 
it will take me full half an hour to write about our visit to 
the Tower in my journal. I must not let my journal get 
behindhand." 

In order to explain John's remark that he had half an 
hour more to study that evening, I must relate how it was 
that he came to make this voyage to Europe with his 
cousin. His cousin had just graduated at the scientific 
BQ ol, and had formed a plan to go and spend some 
moj ths in Paris, in order to pursue still farther certain 
brai ches of science for which there were great facilities in 
that city, and also to visit and examine certain great engi- 
neering works which had been constructed in England and 
France. He was, in fact, educating himself to be an engi- 
neer. 

John, when he heard of his cousin's design, felt a strong 
desire to accompany him. He proposed the plan to his 
mother. She was at first somewhat surprised at the prop- 
ositioo, but, the more she thought of it, the more she was 
please4 with the idea. She said that she would speak to 
his fav^er about it. 
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When she proposed the plan to her husbaud the nest 
morning at breakfast, he at firat shook his head somewhat 
donbtfiilly, saying, "It will make a great interruption in 
hia studies," 

"It will help him very much in his French, at least," 
said John's mother, 

"True," said his father; "it will help him decidedly in 
his French," 

" And it will be a great advantage to him every way," 
said his mother, " to see a little of the world," 

"And then, besides," said John, "I can go on with my 
studies in other things. Cousin Lawi'ence is an excellent 
teacher." 

"Can you study while you are traveling?" asked his 
&ther. 

" Yes, sir," said John, promptly. "I can have my book 
and study my lesson in the cars just as well as any where 
else. That would not prevent my looking out of the win- 
dow now and then," 

"Well," said hia father, after a moment's pause, "Til see. 
Talk with your cousin about it, and see what he says. 
Form a definite plan, and show it to me, and I will con- 
ad er it." 

So John went that same day to find his cousin, and 
brought the question before him. Hia consin seemed very 
much pleased with the idea of having John for Ids compan- 
ion, and said that he would draw up some kind of a plan 
in the form of conditions, and that then, if John agreed to 
them, he could ofier them to his father. 

A few days after tliis, I^wrence presented a paper to 
John containing the conditions, asking him to examine 
them and see if he waa willing to agree to them, or 
whether he would wish to have any alterations made, 
examiocd the conditions attentively. Thofo wj 
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<inly ooe alteration tliat he suggested, and that was, ibat 
in the article wbich gpeuified tliat lie was to study so much 
every day, the wovds Sundays excepted should be inserted. 
Lawrence said that was meant to be undei-stood, hut that 
it would be belter to have it expressed. So the words 
were put io. Some other minor changes wei-e also made. 

"And uow," said Lawrence, when the last i uteri in eatioa 
was made, " we are ready to pass it to be engrossed." 

"What does that mean?" asked John. 

"To have a fair copy made," said LawrGuce, "In legis- 
fotive bodies, when they have made all the amendmeotB 
and alleratious they wish in any proposed law, they pass 
it to be engrossed — that is, to have a fair copy made, in a 
plain hand, so that it can be easily read. When this copy 
is made they have it read again, and, if it is all right, they 
pass it to be enacted." 

The paper espresBing the proposed agreement between 
Lawrence and John, when engrossed, read as follows: 

" I propose to take John Wollaston with me to Europe, 
irith his father's and mother's consent, on the following 
conditions in respect to hts studies : 

" 1. That he is to study three hours every day, subject 
entirely to my direction, Sundays excepted. 

"2. He is never to intermit his studies on account of 
tniTeling, whether on foot, by railway, or by steamer, 

"3. lie ia never to ask to be excused from his study on 
acconnt of his not feeling well. If /tliink he is so uuwell 
on any day that he ought not to study, it will be my duty 
to «ay so. 

" 4. Time spent in reading attentively such books as I 
Bball direct, answering questions in respect to what he has 
I, writing notes and abstracts of the same, and listening 
'xplanatione from me, is to be reckoned as 



study hours. Time spent in writing letters or journals, or 
in. reading books chosen by Mm for his entertainment, is 
not to bo so reckoned. 

"5, The whole respouaibility of keeping an account of 
the time, and of seeing to it that he studies three hours 
every day, devolves on him, and not at all on mc 

" 6. He may gain to the extent of one hour for any par- 
ticular day, if he wishes, by studying over his time on the 
preceding ones; but if he fulls short of his time any day, 
he can not make it up on succeeding oues, 

" 7. Inasmuch as all human plans and arrangements are 
subject to unforeseen and unavoidable difficulties and in- 
terruptions, an allowance is made of one day each fort- 
night for failures. If the accidental failures do not exceed 
this number, the engagement on his part will be under- 
Btood to be faithfully kept. 

"8. In case of ftwliires greater in ntimber than this, or in 
case of general remissness and neglect on his part in the 
fulfillment of his duty as herein stipulated, there is to bo 
no penalty whatever, except the loss of credit which he 
will sustain as a young man to be relied upon for Iionora- 
bly fulfilling his engagements, 

"LaWEENCK WoLtABTON. 

"Agreed to by me, 

"JOIIN WOLLABTON." 

John's father, when these articles were presented to him, 
read them very attentively. John stood by watching him, 
to observe the effect. 

"The penalty does not seem to be very heavy," said he. 

"Now, father," said John, "I think it is very heavy in- 
deed. I would not lose my credit with my^cousin Law- 
rence for honorably fulfilling ray engagements on any ao- 
count whatever." 
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Mr. WoUaston was glad to hear John say this, and, after 
some farther consideration and reflection, it was decided 
that John should go. And it was under the operation of 
this agreement that John had half an hour more of study 
to provide for before he went to bed, on the evening of his 
return from his visit to the Tower, as described at the com- 
mencement of the chapter. 

But I have occupied so large a portion of this chapter 
in explaining the nature of the agreement between Law- 
rence and John, and the circumstances under which it was 
made, that the explanation of the law of the squares of the 
distances must go over to the next. I shall, however, let 
the title stand ; we shall come to the subject in due time. 



44 CANDLBS TOO TALL. 



CHAPTER V. 

CANDLES TOO TALL. 

" I WISH they would not have such tall candles and can- 
dlesticks in our rooms," said John, as he took his seat at 
the table. " The light is away up in the air, and I want it 
down here on the table, where I am going to write." 

So saying, John began arranging his books and papei*s 
on the table, looking up, at the same time, with an expres- 
sion of dissatisfaction on his countenance, toward the light. 
He, however, made no more complaint, but said, 

" I am going to do my half hour's study first, and after- 
ward write in my journal. I want to do the hardest first." 

''tad vise you to write in your journal first to-night,^' 
said Lawrence ; " I have a particular reason, which I will 
explain to you by-and-by." 

John was quite inclined in all cases to follow Lawrence's 
advice, as he had always found his "particular reasons^' 
very satisfactory. So he wrote for half an hour in his jour- 
nal, while Lawrence sat near, in a large arm-chair, reading 
the papers. 

As John shut up his jouraal and prepared to commence 
his half hour's study, he looked up at the tall candles 
again. 

" It would have done just as well," said he, "if these can- 
dles had only been half as high, and then I should have 
had twice as much light." 

^^JFbur times as much," said Lawrence.. 

" Twice as much," said John ; " they would have been 
twice as near, and so would have given twice as much 
light." 
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" Being twice as near," said Lawrence, " would make 
them give f(nir times as much light. This is a case in 
which the law of the squares of the distances comes in. 
The square of two is four." 

Lawrence explained this principle to John as follows : 

"Light, as we all know, spreads itself in both directions 
as it recedes from the luminous point — that is, laterally, 
which means from side to side, and also up and down. If 
it spread only laterally, then the same light would, at 
double the distance, fall on double the space^ and would 
consequently be weakened one half. But it spreads hi the 
other direction also — that is, up and down; so that at 
twice the distance it will spread over four times the space." 

" That is curious," said John. 

"Yes," said Lawrence, "and it is more curious still, as it 
is only a single case of a universal law. The two surfacea 
that the same portion of light from a candle would shine 
upon' at different distances are similar^ in the geometrical 
sense. Do you know what the word similar means, in a 
geometrical sense?" 

John said he supposed it meant alike, or somewhat 
alike. 

"It means exactly alike mform^ said Lawrence, " with- 
out any regard to size. Thus an e^^ and a ball are simi- 
lar, in commoti language^ being both rounded, but they are 
not similar in the geometrical sense, because they are not 
exactly alike in form. A globe made to represent the 
earth, if it was made a perfect sphere, would, in common 
parlance, be similar to the earth. It would be made, in 
fact, expressly in resemblance of it, but it would not be 
similar in a geometrical sense, for the earth is not a perfect 
sphere. 

"So with surfaces. Two kites of exactly the same size 
and nearly the same shape Avould be similar, in eunmion 



lEiignage,whiIe, on the otherhand, if, of these two kites of 
exactly the same sbape, one was only a little toy an inch 
long, and the other were six feet long, we should not oi'di- 
narily say that they were similar, "We should say that 
they were very different. In a geometrical sense, however, 
they would be similar, while the two that differed in form, 
however slightly, though of the same size, would not be 
similar. 

" Now," continued Lawrence, " if we cut a square hole 
in a piece of paper, and let a light shine through it upon a, 
card, or sheet of papci", for a screen, lield behind it, the 
bright spot made on the screen will be similar to the open- 
ing, provided the screen is always held square to the light. 
The Size of the bright spot would, however, be very differ- 
ent at different distaoct-s, and the law of increase would he 
as the squares of the distances — that is, at twice the dis- 
tance it would be four times as great; at three tiroes the 
distance, nine times as great; at five limes the distance,, 
twenty-five times as groat, and so on hi all cases." 

"I mean to try it," said John. 

So saying, he I'ose fi-om his seat, and, procuring n card, * 
ent a small square Iiole in the middle of it. He then pot { 
one of the caudles away in the closet, reserving the other 
to form the source of light. Tlic hole wliich ho made in 
the paper was about an inch square. I 

He then put the reserved caudle ou the floor, and near it 
placed a chair. On the chair he placed a big book, on one 
end, in such a manner that he could slip the cai-d between 
the leaves at the other end, by which ingenious contrivance 
the card was supported at about the height of the candle. 
Ho placed the book so that tho card should be at the dis- 
tance of a foot from the light, and then held a sheet of 
white paper at the distance of another foot. He found, 
Lawrence bad said, that the bright spot was two iuchea 
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dimension each way, making the spot jH|miuated by the 
light on the sheet four tinus as large as the hole through 
which the light came. ^^ 

"We might know that it must be so*,^'said Lawrence, 
" since the rays of light proceed in straight lines, and so 
diverge from each other at the same rate at every distance. 
It follows from this that, since that portion c»f mys w hich 
pass through the square hole have diverged from each 
other one inch in passing one foot from the source*— and 
those that pass through the hole must do exactly tliat — 
they will diverge from each other two inches in passing 
through two feet. This will, of course, make the bright 
spot twice as long, and also titice as trirfie, for the diver- 
gence is the same in both dimensions, and thus the bright 
spot will be four times as large as the opening through 
which the light passed to make it. By the same reasoning, 
if the distance were three feet, it would be nine times as 
large, for the bright spot would contain three rows of 
spaces as large as the opening, and there would be three 
spaces in each row. If the distance were five feet, tlie il- 
luminated space would be twenty-five times as large as the 
opening. And so in all cases. Tlic space illuminated by 
any particular portion of the light from any point will be 
as the square of the distance; and as the intensity of the 
light, supposing that none of it is lost, would bo dimin- 
ished just in proportion to its diffusion, the intensity upon 
any given space will be inversely as the square of the dis- 
tance,^^ 

The principle is the same, whatever is the form of the 
opening through which the light shines, wliethcr square, 
or round, or of any irregular figure. Whatever the shape 
of the opening may be, the surface that it illuminates will 
be of the same shape — that is, mathematically similar, and 
it must be enlarged, so far as it is enlarged at all, in two 



dimeiisiona — that Is, in what the matheiuaticians c.ill a do* 
plicate, or double ratio. 




Thus, in the engi"i\ u g if t!ie distance from S to ]V[ ie 
twice as great is fiom & to m,M mil "be doubled in Heo 
dimenaions and ^ill, conaequently be four times as great 
SB m. 

John was much interested in the experiment which he 
had mad ind still moru m the £;eneral statement of the 
law which it illustrated. It is, indeed ^e^y useful to know 
this law I** our action in certain cases will be much influ- 
enced by it And few persons unless they have bad iii- 
alruction on the subject ire aware of it. It is true that 
every body knone that the neaiei we are to the light the 
better we can see, but it is not eveiy body that knows 
/tow much better — that is every one is not aware that by 
vdiminishing the d^st^nce ont, half between the light and 
his book he mikes the biightnesa of it upon the page/bur 
times as gteat as it was beiore 

A gentleman who hi I occasioi t triiclmuch in country 
places where he often Ibund it diflicult to obtain a good light 
for certain wo^k of writing which he had to do, bad's flat 



)x made of an oval form, about four inches l»y tlirec, 
thh a socket for a short candle near one end of it on the 
aside. He also had a paper shado, which could be fixed 
ibe candle, to throw the light down upon his paper. By 
this arrangement hia light was brought within six inches 
f hia paper, and as the eifuct was nearly doubled by the 
Rfiection from the inner Eurfaco of the ehadc, which was 
Tfliite, hia one candle flame threw nearly as strong a light 
upon his paper as eight candles would have done at the 
ordinary height of ouo foot. It would have given as much 
light as four caudles without the shade, on the priuciplo 
above explained of the law of the squares of the distances. 
The cover of the box was made of tJio same foiin with 
(be bottom of it, with a socket in it, also near one end. Dy 
i arrangement the sockets did not intertere with each 
StbcT when the cover was put on, and the gentleman, if the 
ight from one candle, roar as he brought it to tlie paper, 
iraa not enough, could at any lime liave two, the box serv' 
T as one candlestick, and the cover as the other. The 




two would, of course, give him aa Btroog a light on his pa- 
per as sixteen candles at the ordinary height would have 
done. 

Lawrence talked with John about the law of the squares 
of the distances for some time, showing him that it applied 
to all cases of the emanation of any force from a centre, 
such, for example, as heat and gravitation ; and this for tba 
eimple reason that the force, or influence, whatever it might 
be, ia receding from the centre, was expanded in two di- 
menuionB, length and breadth, and bo the surface within 
which any given portion of it was included was enlarged 
in two dimensions, which caused the surface to increase 
not simply as the distance, but as the square of the dis- 
tance. And as the intensity of the influence would he di- 
minished just in proportion as it was difi^used over a great- 
er space, the intensity — that is, the force at any one point, 
would be inversely as the square of the distance. 

This principle of the very great difference iu the bright- 
neaa of the light at diScrent distances from the source of 
it — a diflerence fai" gi'cater than one, without underatand- 
ing the principle, would suppose — is of great importance 
for all who have to do any work hy artificial light, as, in 
many cases, by diminishing their distance from the light, 
they cnn gain a much greater advantage than they would 
at iirst imagine. 

There ia another principle, also, which it is very impoi'^ 
tant to understand, and that is the illumination of the ))a- 
per, or the page, or whatever else it is that the light shinea 
upon, depends not merely upon the distance, but also upon 
the angle at which the rays fall. 

This will be ])lainty seen by the engraving on the opposite 
page,whichshowB that when the same book is held oblique- 
ly, as it is at the lefl^it receives but half as much light aa 
when it is at right angles to the rays, as shown on the rightt 
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Lawrence, moreover, explained to John that this earae 
principle of the effect of an increase in two dimensions, in 
respect to any quantity, had a very wide application. It 
applied, in fact, to all aimilar snrfaces — that is, similar in a 
iometrical sense. If, for instance, we have two rooms, 
id one is twice as long as the other, but is of exactly the 
le shape — tliat is, if it is twice as great in all its other 
dimensions, it will take, not twice as much, \>atfour times 
as much carpet to carpet it. A person, without reflection, 
might LavG said that it would have taken twice as much; 
., with a little consideration, we see that if it had been 
ce as long and only just aa wide, it would have rcquirod 
luble the quantity of carpeting, but, being twice as long 
twice as wide both, it will take four times as much. 
makes no difference what the shape of the two Bur- 
ies may be, provided that they are of similar shapes. A 
lyhas a kite a foot long. He wishes to make one of the 
ime shape two feet long. It will require four times as 
ich paper. If ho requires his new kito to be throe times 
long as the other, and every thing in proportion, it will 
iqoire nine times as much paper. 

So with the covering of a ball. There will bo four times 
leather in the covering of a football ten inches in 
leter as there would be in one of five inches ; for the 
of five ia twenty-five, and the square of ten is one 
d, and one hundred is four times twenty-five, 
tme that the diameter of the bulls are not Unsa in 
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the covering, but tliat makes no difference. The areas of 
surfaces are as the squai'es of any coj-refponding lines — 
that is, any lines bearing the same relation to the two sur- 
faces compared, 

Lawrence explained these things to John, who listened 
with close attention, and asked many questions, and at 
length said, 

" Now take yonr pencil and write what I shall dictate to 
you, to be copied into your book of notes." 

So John took his pencil, and Lawrence dictated as fol' 
lows: 

"fuNDAMESTAL rElNCIPLE. 

" In all cases of force or influence of any kind radiating 
from a centre, and not intercepted on its way, the intensity 
at any point is inversely as the sqnaro of tho distance from 
the centre," 



"And now," said John, after he had written this, "it is 
high time for me to begin my half hour's study," 

"But your half hour's study is over," said Lawrence. 

" Over ?" said John, aurprised. 

"I think so," said Lawrence. "Let me see." 

So saying, he took out his watch and eaid, "Yes, and ten 
minutes more. Listening to instructive explanations fi-om 
me, you know, is to be counted for study, if you listen at- 
tentively and try to understand thera." 

" Good 1" said John, in a tone expressive of great exulta- 
tion ; " I thought I should have half an hour more of arith- 
metic before I could go to bed ; but now I can go to bed 
at once, for I am tired and sleepy." 

So saying, he put away his books and papers, and pre- 
pared to go to his room. 

"But, Lawrence," said hi', "what was the particular 
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reason you had for wishing me to write in my journal 
first f ' 

^ It was because I was going to explain to you the law 
of the squares of the distances in relation to radiation for 
your study this evening, and I thought you would like 
your journal work done first." 

" Yes," said John ; " I am very glad that you planned 
itsa'* 
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CHAPTER VL 

DITEN81TT OI" LIGHT. 



1 



The art of meaBiiriiig the intenaity of liglit ia called 
photometry. Tlie woid comeB from the Greek word^Ao- 
tos, which means of light, and tha word metroa, measure- 
ment. On the eame principlp, the word photometer would 
mean a light-measurer, just aa thermometer is a Aea(-meas- 
nrer, and barometer a weight-measnrei', and dynamometer 
a strength - measurer, from Greek words meaning heat, 
weight, and strength. 

Some very cunous devices have been contrived for meas- 
uring the comparative intensity of different lights. In Bome 
of these devices the observation is made by examining the 
shadows cast by the two sources of light to be compared. 
How this is done is shown by the engraving. There is a 
fitand with an upright rod (m) fitted to it, and beyond the 
rod a screen, made usually of a plate of gronnd glass, to 
receive the shadows. Any white suifaco would answer 
well enough for such a screen, but gronnd glass is found 
to possess some peculiar advantages for this purpose. 

The two lights to be compared are placed at a distance 
from the npright rod on the side opposite to the screen, so 
as to cast the shadows a and 6 upon it. 

In the engraving the sources of light are a lamp (L) and 
a candle (B). The shadows seem to be of ueai'ly the same 
intensity. If, on careful examination, they are found to bo 
as nearly as possible alike, and if the laniji, as would seem 
to he the case, Is nearly twice as far from the screen as tha 
ille, then it wonld show that the light from the lamp 




wonld be nearly four times aa great as that from the can 
die. Of course, by exactly measuring the two distances 
and squaring the numbers eipres" iig them, the exact ratio 
would be ascertatned. 

It would be found, in using this tnatrnment, that if, in- 
stead of a lamp at A, candles of the same kind as tlie one 
at B are used, and if the distance of A from the bar m, 
which intercepts the light, is made double that of B, there 
must be four candles at A to make the shadows L-qual. 




There have 1 "-■! ii ■ 1- dovised of meas- 

uring the comparative intensity of lighu Onu more I will 
d«Bcribo. 



INTENSITY OF LIGHT. 




It is represented in tlie engraving, where you see on tlio 
left a screen similar to the one in the last fignro, being 
made of a plate of ground glass set in a frame. From the 
centre of the plate there extends forward a shade or screen 
of black pasteboard, ■which divides the ground glass plate 
into two parts, and confines tlie light coming from each of 
the two sources that are to be compared to its own side of 
the sci-een. In the engraving, the light shining on one side 
of the screen is seen to como from a jet of gas, while that 
on the farther side is the light of a candle. On the table, 
in lines extending from the glass to the lights, are Bcales 
of inches, or other equal divisions, by which the distances 
of the lights from the glass respectively can bo at once 
detennined. 

Thus one half of the glass plate is illuminated by one 
light, and the other by the other, and, by looting at the 
two parts from the outer side, a very exact comparison 
can be made between them. One or the otlier of the 
lights mast be moved until the two illuminations are pi'e- 
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lely equal, and then, hj observiug the distances at which 
a two lights are placed, and squaring the numbers repre- 
mting them, we get their relative intensities. 
I Another instrument still, which helps to show how many 
Icthoda have been devised to accomplish this purpose, is 
mown aa liitchie'a Photometer. 




The engraving shows it in section. It consists of a bos 
a ft), with openings ou the opposite sides for the admission 
Ibf light from the two sources that are to be compared. In 
a centre, above, is a conical tube, open at the top at d. 
Bcre the eye of the observer is to be placed to compare 
B effects of the two lights, which ebine upon two slopes 
t white paper, ef and e g, which come together at e. One 
l-£ght or the other ia to be moved until the degree of il- 
f lamination produced by them upon the paper is the same. 
Tiie intensity of the radiance, then, from the two sources 
will be in proportion to the squares of their distances from 
the centre of the box. 

Instruments constructed on these principles, but quite 
complicated in their details, are fitted up in gas-works to 
deteroiiiio the quality of the gas. In France the intensity 
of the light is estimated by comparing it with that fur- 
nished by a certain amount and quality of oil burning at 
a certain rate [icr hour, and in England the ^tOia'ia.tiii t^l 
02 



comparisoQ is the light fumlehed by a certain kind of can- 
dle. The lamp or the candle is placed upon one scale of a 
balance, with the proper weight in the other scale. The 
gaB-burner is placed by the side of it, and the issue of gas 
is BO adjuEted as to make the two lights equal, as shown 
by the photometer placed near. Both lights ai'e then al- 
lowed to burn until the scale containing the lamp or can- 
dle rises, showing that the prescribed amount of oil or of 
spermaceti has been consumed. The gas is then shut off, 
and the metre shows how much gas has been consumed. 
By this means the quantity of light which the gas affords 
jier cubic foot is easily computed. 

Photometers, besides being useful in determining the 
light-giving power of different kinds of candies and differ- 
ent qualities of gas, have also been employed in comparing 
the light coming from various other natural and artificial 
Bources. Those who have made these ohsi'rvalions liave 
come to the conclusion that the light of the sun is equal 
to that of between _five and six thousand of the standard 
candles, when placed at the distance of eighteen inches; 
that is, that to throw a light equal to the full blaze of the 
sun upon a sheet of paper would require the combined i 
power of no fewer than five to six tliousand caudles placed 
at the distance mentioned. Of course it would be practi- 
cally impoBsible to place that number of candles so that 
their light could be combined. The experiment only shows 
what number would be necessary if the combination were 
possible. 

Ah for the light of the moon, even when full, every one 
knows that it is vastly inferior to that of the sun, but few 
are aware how very much inferior it is. The experiments 
of scientific men with photometern, and the computations 
which they have made from their observ.it ions, vary con- 
sidemhly in their resnlts, as was to have been expected, 
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bat the average of them makes the light of the sun about 
five hundred thousand times as great as that of the fall 
moon on the brightest nights. Of course this can only be 
considered as an approximate result, as it would be impos- 
sible, with the means yet devised, to estimate such enor- 
mous differences of intensity between two lights with 
much accuracy. 



CHAPTER Vn. 

CANDLES AND I^MPS. 

Thkee is a very near and intimate relation between heat 
and light. Both come together from the bud, and both are 
subject, in many respecta, to the same laws. In other re- 
spects, the modes of action which they present are etriking- 
iy different. The prevailing opinion anaong scientific men 
at the present day is, that the phenomena of iieat and of 
light are produced hy the Bamc agent, moditied in its ac- 
tion in some mysterious way, the secret of which has not 
yet been discovered. 

We sliall see, in another chapter, the curious relation 
which heat and light bear to each other, as they come to 
us togetlier in the radiance of the sun. 

One of the most striking differences between heat and 
light is, that heat can be absorbed by any subBtanee and 
afterwai-d given out again slowly, but light, apparentty, is 
not subject to this mode of action, except in a few special 
cases, and in these only to a very limited extent If you 
pat a brick or any other substance in the rays of a hot 
Bun, or before a bright fire, it will absorb the heat, and 
then, if afterward you take it to a cool place and hold 
your hand befoi-c it, you will feel the heat which it has 
absorbed radiating from it and warming your hand ; but 
if you take it into a dark place, your eye will not detect 
any luminous radiance from it — that is, there will be no 
evidence to the senses that it absorbed light as well as 
heat, eo as aftei'ward to emit it. But perhaps we can not 
oertainlj infer, fi-om the fact that our senses do not detect 
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any such mdiaocc, that there can not be any. It is con- 
ceivable, certainly, that the two kinJa of radiance may be 
absorbed and afterward emitted together, and that the 
hand is mnch more aenaitive to the one kind than the eye 
is to the other ; in other words, that the radiance, acting 
as heat, will produce the Benaation of warmth in the nerves 
of feeling while its intensity ia yet low, and yet will not, 
acting as tight, produce the sensation of vision ia the nerves 
of sight until its intensity ia very high. 

However this may be in the case of radiance of low in- 
tensity, we know that, when the radiance is of high in- 
tensity, the heat and light bear a very intimate relation to 
each other, so much so that the degi-ee of heat ia expressed 
often by the kind and intensity of the light that ia emitted. 
Blacksmiths and machinists say "red hot" and "white hot" 
to indicate different degrees of temperature, and also "cher- 
ry-red" and a "low red in the dark." 

There is a curious difference between solids and gases 
al high tcmperatuvea in respect to their power of emitting 
liijld. When any substance is so intensely hot that it emits 
bright light, we say that it ia incandeseent j when a gas is 
incandescent, it forma flame. Young pereons, often, in look- 
ing at a flickering flame blazing up from the fire, or at that 
rising Irom a candle or a lamp, wonder what it is. Now it 
is simply incandescent gas — a kind of inflammable air called 
hydrogen gas, which, in burning — that is, in combining with 
. the oxygen of the air — is heated to such a degree as to be- 
come incandescent. 

Burning ia simply a chemical action. It ia usually the 
combimng of some combustible with the chemical sub- 
stance called oxygen. There are certain very curious con- 
siderattona connected with the fact that so much heat ia 
developed by the combination of oxygen with combustible 
substances, but I have not space to explain Uicra hei'e. A.U. A 



that is necessary to enable the reader to understand what 
I am going to say about light is, lliat combustion is a pro- 
cess that develops great heat, and that the intensity of the 
heat depends in a great measure on the rapidity and abun- 
dance of the supply of oxygen. 

The intensity of the light which is developed by the heal 
depends, in a great measure, on the substance heated con- 
sisting of Bolid particles, for, at the same temperature, the 
particles of a solid substance are found generally to emit 
a stronger light than those of a gaseous one. But then, on 
the other hand, certain gaseous substances emit a greater 
degree of Aea( in combustion than most solid ones. 

It results from this that, in order to have an intense 
light, one way, at least, would be to have a gaseous sub- 
stance to burn in order to produce the heat, and some 
solid particles, or solid substance, to be heated by it, to af- 
ford the light. 

This is very simple, and yet this is the philosophy of the 
modes generally adopted to produce artificial light and to 
increase the intensity of it. 

Take a common lamp or candle, for example, burning 
with a nated flame— that is, without any glass chimney. 
The tallow, or wax, or spermaceti, or paraffinc, or oil, or 
kerosene, or whatever other similar combustible is used, is 
composed chiefly of carbon and hydrogen, and all these 
substances are called, accordingly, hydrocarbons. When 
they are burned in the wick of the candle or lamp, the hy- 
drogen, which is the gas, burns and produces a great heat, 
and the floating particles of carbon, which, though exceed- 
ingly minute — too minute altogether to be seen by the 
naked eye — are yet solid, become intensely heated, and it 
b they that emit the bright light 

Hydrogen, burning alone, emits a very feeble light. Wo 
sometimes see, in a wood fii-e, faint blue flamca here and 



tbere which have very little illuminating power, Theee 
are usually flames oi' hydrogen, and are produced in places 
where, for some accidental reason, hydrogen only for a few 
minutes happens to issue. They would be found to be very 
hot if we had any way of testing their temperature, but 
they would afford but a very feeble light to write by if 
by any meaus wc could bring one of them to the table. 

The flame of an alcohol lamp is almost entirely a hydro- 
gen flame, and, though it is very hot, it gives very little 
light, on account of thei-e being no solid particles of car- 
bon in it to be intensely heated by it and to emit their 
superior light. 

It in all the better, on thia account, for the purposes that 
the alcohol lamp is used for— namely, for producing heat ; 
for, if tliere were solid particles of carbon in the flame, just 
BO £ir as the force of the heat should bo expended in heat- 
ing them Bo as to give light, there would be lese heat for , 
the water, or the coflee, or the blowpipe, or for any of the 
other heating purposes for which the flame was used. 

And then, besides, the floating particles of carbon in the 
flame, if intercepted by any substance before they are con- 
sumed, blacken it, or, as we say, smoke it. If you hold a 
piece of cold iron or any other such substance in the flame 
of a candle or lamp, it becomes smoked, as wo say. The 
philosophy of thia is, that a great many of the floating par- 
ticles of carbon are intercepted by the cold substance be- 
fore they are consumed, and so become attaclied to it, and 
blacken it. Tliis proves that the particles of carbon are 
really in the flame all the time, though we do not see them, 
nor sec any indioationa of their presence, escept in the »«- 
created brightneni of I he Jlame, in consequence of their be- 
ing themselves heated ititenseiy hot in it and in proceaa 
of bctnj; consumed. But by holding the iron, or any cold 
mbstance, in the flame, wo at once cool all the particles 
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that come in contact with it, and bo stop their combustion, 
and then their true character is at once revealed. 

Very often a portion of the particles of carbon escape 
from the flame themselves without being burnt, and go up 
the chimney in the form of a blue smoke. The white vapors 
which are seen arising sometimes from a fire are vapore of 
water or steam, but the blue fumes are composed of parti- 
cles of carbon, some of which escape out of the chimney 
into the air, while a portion of them lodge upon the sides 
of it, forming soot. 

Some substances give out a much greater quantity of 
carbon in burning than othera, as, for example, birch bark, 
pitch-pine knota, and the " light- wood," so called, of the 
Southern States. A great portion of this carbon is made 
incandescent iu the flame, and gives out great light. That 
is the reason wliy those substances make such excellent 
torches. Of the carbon which is thus made incandescent 
in these flames, some is burned — that is, it finds oxygen 
enough to combine with it in the flame — and so disappears 
as carbon, and forms another substance. But some of the 
particles which are made incandescent — that is, red hot — 
in the flame, and so help to emit light, are not burned, be- 
cause there is not oxygen enough for all. This portion, 
then, escapes into the aii', where it cools and becomes black 
^ain — that is to s.ay, each separate particle becomes black; 
but generally, when it comes from a common fire, being 
more or less mingled with a certain portion of watery va- 
poi', which is white, the mixture assumes a bluish hue. 
When, however, it is not so modified — as, for instance, 
sometimes when issuing from the smoke-pipe of a steamer 
— it shows, by its very dark bluish color, what its true 
character is. 

The cause of this escape of carbon unconsumed is that 
the supply of oxygen for the flame is insufficient; for, 



lenever a particle of carbon bocomea red hot in thepres- 
■£ of oxygen., it immediately combiDes with it, and forms 
>ther subetance which is entirely invisible. There have 
io devised in modern times many modes of furnishing 
jplics of oxygen for flames in a more rapid and abundant 
manner, so as to prevent the 
escape of any nncoosumed 
carbon, bnt in early times 
no method was known of 
doing this. Indeed, the ne- 
cessity or desirableDeBS of 
doing it was not understood, 
for scarcely any thing was 
known before the middle of 
the last century in regard to 
the true nature of flame, or 
of the conditions on which 
the greater or less degree 
of light which could be de- 
rived from it depended. 

Accordingly, in early 
times lamps were used, quite 
artistic sometimes in exter- 
nal form, but very rude and 
imperfect in respect to the 
principle on which they op- 
erated. There was no ar- 
rangement to facilitate the 
Bupply of oxygen, nor to 
juvvL'iit the distnrbiug and 
couling effect of cuiTenta of 
air upon the flame, so that 
a faint and flickering light, 
accompanied by a great deal 




of unconBTimed carbon in the form of smoke, was the cer- 
tain result. 

The only light for the streets of cities in Europe two 
three hundred years ago was fin-nished by great flaming: 
and amoking torches carried in the hand. The darkneW 
at night, of course, afforded great facilities for the coi 
sion of all kinds of crime, and rohberies, murdei-s, and 
eassinations increased to snch a degree that the govern^ 
ment of Paris at one time oi'ganized a guard of armed 
to patrol the streets in search of the oriminab, lighting theft 
way, of course, by the only kind of illumination they then 
knew how to produce, viz., that of blazing and smokii 
torches, which the link-man carried before them in bis handi 

The true remedy for this state of things was to dispd 
the darkness which occasioned it by devising some way t4 
increase the brightness of the light which could be given 
by a flame, and tfaen lighting the streets by placing a. fixed 
burner of this increased brightness at every comer. 

The first method of attempting to do this was by mesb 
of a reflector placed behind the flame, so as to throw al 
that part of the Bphere of light issuing from the 
which would naturally go back toward the wall, where il 
was not wanted, forward into the street. But very 
the attention of scientiflo men began to be turned to tl 
question whether the intensity of the light itself could ni 
be increased by increasing the intensity of the heat pro 
duced, and then promoting the rapidity of the combustion 
by a more complete and rapid supply of oxygen. Then 
would evidently be a double advantage in this, for, by fill 
nishing a full supply of oxygen, all the carbon would b 
consumed, instead of being allowed in part to escape tn 
consumed as smoke, and then, moreover, the particles whid 
were consumed would be raised to a higher intensity of 
heat, and so would become more highly li 
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Now, in the case of an ordinary fire of wood or of coal, 
Uie way to increase tbe supply of oxygen is to blow it with 
tlie bellows ; that is, to send in, by means of the bellows, a 
rapid current of air containing tbe necessary oxygen. Bnt 
it is a curious circumstance that, while tbe blowing of a 
Bolid fire makes it burn all tbe brighter, blowing the flame 
of a candle puts it out. What is the reason of this? 

Fully to understand the reason, it must be observed that 
blowing a fire has three different effects upon it — first, to 
mpply oxygen to it, and so make it burn faster; secondly, 
cool it ; and, thirdly, by its mechanical impulse, to blow 
he bttming fiid away. In the case of the blacksmith's 
jrge, only the fii-st of these effects is produced to anycon- 
itiderable extent. The current of air supplies oxygen to 
icrease tbe cnmbustion, which greatly increases the heat. 
t brings coolness too, and so prevents the heat from be- 
coming aa great ns it would be if the bellows cotild blow 
iiot air instead of cold ; but the influence of the greater 
mpply of oxygen in promoting the combustion is vastly 
realer in increasing the heat than the cooling effect, even 
n the coldest winter day, is in diminishing it. And as to 
J third effect, the coals being solid and comparatively 
keavy, the current of air is not strong enough to blow 
pbem away. 

I^ however, we imagine that the blast was so powerful 
18 to blow the coals from the forge all over the blacfe- 
;h'8 shop, the fire would be put out by it at once — that 
Is, as Boon as the individual coals had time to go out in 
[heir now places, Boattered over the beneh and floor. If 
Iho coals were very small, this would be very soon ; and 
fwe imagine each one of them to be no larger than a par- 
fcle of dust, the extinguishment would be almost instan- 

ISIKOU& 

Tliis is preekcly what haiipcns when we blow out a 
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die. The flame is a burning or incandescent gas, with ex< 
tremely minute particles of solid carbon, infinitely finer 
than any visible dust, pervading it. When you blow it, 
therefore, with a strong puff of air, the whole incandescent 
gaseous mass is blown away, and is instantly cooled below 
the point of combustion ; in other words, it goes out 

If there is at the time, however, a portion of the loick in- 
candescent, as there usually is, that, as it can not be blown 
away, remains burning, and the more you blow upon it the 
brighter it glows, until, as fast as successive portions of it 
become loosened and driven off, the incandescent mass is 
diminished ; and as the coolness of the blast prevents the 
combustion from extending itself to portions below, the 
wick, as well as the flame, is soon entirely extinguished. 

So much for the philosophy of blowing out a candle. 
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Is view of ihc facts and explaiuktions given in the last 
chapter, it is easy to understand that one way, at least, of 
attempting to increase the light given out by any flame is 
to coDtinue some mode of increasing the supply of oxygen 
for it KitAout dispersing or scattering the burning materials; 
in other words, of "blowing" the candle or fire without 
blowing it out. 

It was a Swiss inventor named Argand who first con- 
trived to do this, and the contrivance which he devised 
ia called the Argand bui-ncr to this day. 

Bnt, in order that you may clearly understand the priu- 
tiples of his invention, I must first say that there are two 
ways of "blowing" fires in funiaces and forges: one by 
driving in the current of air by the force of propulsion be- 
low, and the other by drawing it in, by the force of es- 
lianstion in the chimney above. 

The former is efiected by means of bellows, and some- 
limes by another contrivance called a fan-blower, by either 
of which n strong blast is forced into the fire at the grate, 
]n some furnaces where a very great heat is required, the 
air is heated before it is driven into the furnace, so that 
the fall eficct of the additional supply of oxygen may be 
•ccnred without any diminution being caused by the cool- 
ness of the cnrrcnt of air. 

The latter of the modes above mentioned — that is, the 
diswing of air in by the force of exhaustion in the chim- 
pty above, is effected by making the chimney very tall. 



The air within the cliimnpy, being heated, is light and buoy- 
ant, aniJ, of course, the taller the chimney, the more buoy- 
ancy there is, and the greater the draft — that is, the faster 
the air is " drawn in," na we nsnally expresa it, though the 
real mode of operation is that the pressui-e of the atmos- 
phere above the fire being taken off, in part, by the buoy- 
ancy of the hot air in the chimney, the air is forced in. to 
the fire by the atmospheric pressure which acts on the or- 
ifice below. 

Now Argand's plan was to furnish the increased supply 
of oxygen to the fire in the flame of the lamp or candle by 
" drawing it in" from below by means of a chimney, and 
■he also conceived the thought of bringing in the current in 
the middle of the flame instead of around the outside of it. 

Argand, as has already been said, was a Swiss. He was 
of quite humble origin, but he received a scientific educa^ 
tion, and in the earlier part of his life he was engaged very 
successfully in the southern part of Franco in connection 
with indnatiial occupations, in which his scientific knowl- 
edge, and especially his knowledge of chemistry, were of 
great service. 

His attention was called, while thus employed, to the 
subject of light, especially for use in nianufacturing and 
other BHch establishments; for in those days — near the 
close of the last century- — there was nothing in use for ar- 
tificial light but such naked, smoking, and flickering flames 
as are given out by common lamps, torches, and flambeaux. 
His knowledge of chemistry showed him that the reason 
why the flames were not bright was the scantiness of the J 
BUpplyof air, which could only reach the flame on the out- ' 
side. It had been discovered some time previously that 
an ordinary flame was hollow — being bright only on the 
outer surface ofit — as, of course, it must be, as in the 
of such a flame there is no access to the air within. 
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■ So Argand set himself at work to contrive a way by 

which to admit air to the centre of the flame ; and after a 

reat many experimenta and a great deal of contrivance, 

e succeeded in producing a cylindrical wick which was to 

e inclosed between two concentric tnbeB,with an opening 

b the bottom of the inner tube for a supply of air. He 

o provided suitable mechanism for raising and lowering 

r wick, and fitted a sheet-iron chimney over it to in- 

aae the draft up through the inner tube. 

He made his chimney of sheet-iron, because in those days 

ley bad no means of making glass chimneys that would 

md so great a heat without breaking. Of course it was 

pessary to place the chimney so that the lower edge of 

t should be just above the upper edge of the Hame, in or- 

iier that the light might not be intercepted. 

Not long after this the glass-makers contrived to make 
kloss chimneys which would Btand great heat provided 
u-y were heated gradually, and then Argand'a invention 
Iran complete. 

But the invention, great aa its value has proved to be 
for mankind, was the source to the unhappy inventor of it 
of nothing but trouble and sorrow. He became involved 
^in diBputes and lawsuits with other men, especially with a 
^^Frcnchman, whose name is spelled Quinqiiet, and is pro- 
Hponnced, as nearly as can be represented by English sym- 
^Bols, Jfotii^A'ay. Quinquet, it would seem, drew Argand'a 
idea from him in conversation, or, at le.ist, obtained such 
glimpses of it as enabled him to produce a lamp of the 
some character; and he harassed and thwarted Argand in 
all his attempts to obtain what would correspond to apcU- 
tnt right to it at the present day. Argand went to En- 
id there waa more successful. His invention was 
in that country, and was recognized as his, and 
rivancc is called ihe Argand burner there and in 
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America to this day. But in France the name of Quinqnet 
finally carried the day, and a lamp there, with a burner on 
this principle, is always called a Quinquet. 

Argand was worn out, mind and body, by his long-con- 
tinued disappointments and troubles, and when he was 
only a little past middle life he returned, to the home of his 
childhood in Switzerland, poor, disheartened, and miserable, 
and died in the imbecility and wretchedness of a prema- 
ture old age. 

And now, nearly a century since his death, they who un- 
derstand these facts, after they have been reading for an 
hour in the evening by the bright light which his simple 
and beautiful contrivance has given them, sometimes pay a 
brief tribute to his memory by observing for a moment in 
silence the brilliant and beautiful effect produced by the 
double current of air, intensified in its action by the draft 
of the chimney, and then saying to themselves, "Poor Ar- 
gand 1" 



CHAPTER IX. 

rNTEBMIHGLING OP iraDULATIOKS. 

As has already been stated, there are, or, rather, hare 
lieen, two theories in respect to the physical nature of 
light — one, that it oonsiats in the emanation of streams of 
eiujGediiigly miuute particles, which fly through the air 
:Wilh inconceivable swiftness, having in some mysterious 
way the power of passing thi'ough glass and all transpa- 
rent bodies ; and the other, that it consists in a vibratory 
or iindulatory motion in a subtle medium, which, in order 
to have a name for it, has been called ether. The existence 
of this ether is only imaginary, however, as nothing is di- 
rectly known in respect to it, and it is only sapposcd to 
exist, as the sole means that we can conceive of to render 
the transmission of luminous undulations possible. 

It seems, however, as has already been said, very diffi- 
oalt to conceive of the possibility of undulations in such 
infinite number and variety as must be moving at every 
point in space, if this theory is true, meeting, and encoun- 
tering, and crossing each other without in tlie least degree 
interfering with or disturbing each other's motions. Still 
we can not say that this would be impossible. There is 
complete and positive proof that sound ia produced by vi- 
brations in the air; and yet, on a calm summer morning, 
we can, by listening, hear a great many diflerent sounds, 
all clear and distinct, and each produced by its own undu- 
lations, coming through the same medium with all the rest, 
Bitd €ach without being sensibly disturbed by the others. 
Wc can hear the songs of two or tlirco difierent birds, tko 
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talk of children at play, the whistlo of a digtant locomo- 
tive, the bark of a dog, the crowing of a cock, the chirp of 
a cricket, and the faint tones of the bell in the village spire, 
milea away. Though ve can not well attend to all these 
Bounds at once, we can hear them all, and, if we eelect any 
one to listen to specially, we can hear it distinctly and 
clearly, showing that the undulations which produce it 
come to us through the air undisturbed by the undulations 
of ail the rest, which, however, they must necessarily trav- 
erse at every conceivable angle on the way. 

John had a curious opportunity to observe the phenom^ 
enon of undulations crossing each other without serious 
interference one evening while he was with Lawrence in 
liOndoQ. It was in St. James's Park. 

There are several large parks in London where people 
go for recreation and amusement. The nearest, and, in 
some respects, the most attractive of these, is St. James's 
Park This park is smaller than any of the othere, but it 
19 nearer the heart of the town, and bo is more accessible 
to large numbei-a of people. The queen's palace and gar- 
dens are near it on one side, the houses of Parliament, and 
Westminster Abbey, and the Horse Guards (the great head- 
quarters of the army) on another, and the streets all around 
it ai-e lined with gay shops and elegant residences. 

In the park is a long and beautiful lake, crossed in the 
middle by a suspension bridge. There are walks along 
the margin of the lake, and chairs for people who wish to 
sit and rest, and beds and borders of flowers, and swans, 
and ducks, and other kinds of swimming birds upon the 
water, and on pleasant summer evenings the grounds are 
full of ladies, and gentlemen, and children walking about 
and amusing themselves in various ways. 

One evening, about an hour before the sun went down, 
a^Jjawrence and John were walking together in one of the 



le park. J 
e dipen- ' 



streets in that part of the town, on their way home from 
Westminster Abbey, where they had been spending au 
hoar wandering about through the aisles, and trangepts, 
snd chapels, looking at the moDumeDts and other curious 
things to be seen there, Lawrence stopped, and, pointing 
to a side street, said, 

" I am going to turn off here and go into the park. 
There is an esperiment that I am going to have perfo^M^J 
there for you." 

"Who is going to perform it?" asked John. 

"A couple of ducks," said Lawrence, gravely. 

John laughed, but ho turned very readily in the direc- 
tion which Lawrence indicated. 

They soon entered the park by a ponderous iron gate, 
and, after walking a little way over a broad gravel walk 
well filled with parties of ladies and gentlemcu, and boys 
and girls, going to and fro, and separated on each eido 
from the shrubberies, and lawns, and beds of flowers by an 
open iron fence, they came to a suspension bridge lead- 
ing over a narrow portion of the lake. They crossed 
this bridge, and then, after proceeding a little farther, 
they found a row of chairs, which were placed by the 
Bide of the walk and facing the water. They took their 
seats in two of these chairs, and looked out upon the little 
lake. 

Immediately before them, across the walk, was a band 
of green, with large trees here and there upon it, so near, 
however, that their branches intermingled. Under these 
trees there was a view of the water, with ducks swimming 
here and there over the surface of it The sheet of water 
■was not very wide, and beyond it, the farther shore was 
covered with groves of trees and thickets of shrubbery. 

"Well," said John, as soon as they were seated and had 
viewed the landscape before them for a moment, "ftud 




vhaX is tlie experiment that the ducks are going to per- 
form ?" 

"It is an experiment on the crossing of undulations" 
Baid Lawrence. "You see these ducks are swimming about 
in all directions, and each one, as ho parts tho water with 
his breast and his paddling legs, makes two lines of waves, 
or undulations, which diverge from each other as they ro- 
behind him, or, rather, as he advances and leaves 
them. There is something very curious in the laws of 
motion that govern the formation and the spread of these 
lines; bat I am not going to say any thing ahont that 
now, but only to liavc yon see what the effect is when two 
of these lines of waves cross each other. Ton wonld think, 
in such a case, that thoy would disturb and destroy each 
other, as one would suppose the undulations or vibrations 
of light would do. But you will see, when we get a good 
chance — that is, when two ducks happen to come along 
lide hy side, bo that the lines of waves cross each other — 
th^e is much less interference than one wonld sup- 
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io, and tbat the different lines go on after the crossing 
iDucli as before." 

Just at this time a neatly but plainly dressed woman 
eame along the walk, having a little leathern bag hanging 
by her eide. She advanced to Lawrence, and held ont her 
lend for the money to juiy for the cbaira 
" Hovr much ?" anked Lawrence. 

"Two pence," said the woman — or, rather, as she pro- 
Boanced it, " tuppence." 
Lawrence gave her the money, and she went away. 
" I thought they were only a penny apiece," said John. 
. "That's for the common chairs," said I^awrcnce. "We 
have taken arm-chairs, and so have made oiii'sclves firsfr 
ela^a ^H;ople. 

" We might as wdH have taken the common chairs," said 
John; "they wonid have bocn just as good for us to sit 
ere and sec the ducks." 
"Exactly," said Lawrence; "only then we should have 
larked onrselvca aa second-clasa people. Every thing is 
mnagcd in England on the principle of social classifica- 
ion. When other people don't class you, you have to 
lass yourself. Americans almost always prefer to pay 
tiie difference, rather than make themselves seoond-clasa 
people. But the English don't care bo much; they are 
Used to snch distinctions." 

"7" don't care much," said John. 

"The difference does not amount to much in snch a case 
B this," said Lawrence, " but it is worth thinking of some- 
times, as, for instance, on a long journey. When we go 
to Paris, you can save a pound or two, I suppose — which 
would be t!<}ual to five or ten dollars — by going second 
cUas, and so have that amount to spend for apparatus or 
n Paris." 
"Thai I'll do it," said John, jumping up suddenly from 
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hia chair. "I'll certainly do it; Td as lief go second i 

ae not." 

"Veiy well," said Lawrence. "But now look at the 
ducks; there are two coming now directly befoie ns in 
just the right position." 

The two ducks that Lawrence referred to were swim- 
ming along nearly aide by side, at a short distance from 
the shore, and the little line of waves which passed off 
fi'oni the left side of one uvossed that which came from 
the light Bide of the other, but the two lines seemed 
scarcely to interfere with each other at all. They ap- 
peared to go on after the crossing, each on its way, as if 
it had been very little disturbed by the other. 

This is only one among the innumerable cases occurring 
in nature which show the possibility of the coexistence of 
different vibrations among the same set of panicles — that 
is, in the same substance — with a degree of independence 
of each other which, without proof from experiment, we 
should have thought impossible. John was very much 
surprised to see how little disturbed the diverging lines 
of waves made by the two ducks were in crossing each 
Other. It is true that afterward, when he saw several 
docks swimming tliis way and that, in all directions, a 
good deal of irregular commotion was produced ou the 
surface of the water; but this apparent confusion seemed 
to be caused quite as much by the difficulty of following 
with the eye, and separating by the mind, all the dififei^ 
ent lines, as by any actual interference in the undulatory 
actions. 

The case of different sounds coming through the air to 
the ear, which has already been referred to, is another in- 
stance of the coexistence of different vibrations in the 
same substance, each preserving unimpaired its own dis- 
tinctive character. So, when a bell is struck — eepecially 



if it is a large and heavy bell — besides the general ribra- 
tion which emits the principal and domioant tone, there 
are always a great many others which blend with the 
principal one, and combine with it in the effect of prodoc- 
ing the general sound. These Bubordinate tones are called 
the harmonics. It is so with a musical string or wire; it 
a ita harmonics as well as its principal sound, and they 
k11 eome together through the air to the ear without in- 
terfering with each other. So, when a band of one hun- 
dred performere is playing, it is wonderful to think what 
1 immensely complicated mass of vibrations, produced by 
«o many kinds of instruments and playing so many differ- 
ent parts, must come to the ear through the air at the same 
time ; and though many of theiu may mingle and blend so 
i to produce a delightful harmony, they do not disturb 
or derange each other at all, for if they did so the result 
vonld be only a discordant noise, 

"Snch cases aa these," said Lawrence, "make it just pos- 
inblc for iis to conceive that the emanations of light, mov- 
ing constantly, as they do, with Buch amazing velocity, and 
1 every direction through the starry heavens, without in- 
terfering with each other at all, may be propagated, aa sci- 
ntific men now suppose, by undulations or oscillations ip 
K very snbtle and highly elastic medium. 

"At any rate," he added, "this much ia certain, that 
tiieae emanations are propagated, in some way most mys- 
terioas to us, in right lines, diverging in every direction 
from the centre; that they expand in two dimensions as 
tiiey advance, and bo each portion of them occupies a 
B that increases as the square of the distance, and. nf 
)onr«e, that the intensity on a surface of given magnitude 
miniehea aa the square of the distance, or, as the mathe- 
maticians say, is inversely as the square of the distance; 
kad, Biwlly, that these rays are wholly invisible to hs, cx- 
D2 
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cept SO far as they arc intercepted in their passage and re> 
fleeted, BO as to come to us and enter our eyes, where they 
form an image on the retina and produce vision." 

When Lawrence had said this, be took out his watcli, 
looked at it, and said, 

" Well, we have been here looking at the ducks, and talk- 
ing about the intermingling of vibrations and undulations, 
about twenty minutes, or twenty-five. Shall we call this 
time study hours or not ?" 

"That is just as you say," replied John. "I've learned 
something, at any rate, and something that I did not know 
before." 

"And you have listened attentively to it," replied Law- 
rence. "I think it would be fair to consider it study hoars. 
And there is oite thing more that I should like to explain, 
wliioh will take about five minutes, if you are not too tired, 
and that will just make up the half hour." 

John said he was not too tired, and would like very well 
to make up the half hour. So Lawrence explained that, 
although the emanations of light, whether they were really 
of the nature of undulations or not, did not ajipear, in ordi- 
nary cases, to interfere with each other at all, however nu- 
merous and complicated their intercroasings might be, that 
still there was an optical phenomenon which was called in- 
terference, although, strictly speaking, it was not interfer- 
ence in the common sense, since both of the radiations in 
these cases produced its own full effect, though the two 
effects combined produced a somewhat remarkable result. 

Lawrence explained the principle by asking John to im- 
agine that two ducks were swimming over the water in 
such directions that the undulations should not cross each 
other, but should follow each other in long lines exactly 
parallel. 

"Now wc may supposi'," hi- addvil," that these lines are 
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more or less near to each other. We may imagine them 
to coincide exactly — that ia, that the crest of the wave of 
one shall coincide exactly with the crest of the wave of the 
other, and the hollow with the hollow — and that by this 
coincidence the height of the wave would be increased, and 
also the depth of the hollow, so that the two undulations 
combined should form a united one of double intensity. 
We can also, on the other hand, imagine that the two sets 
of undulations may be separated from each other by h^f 
tlie breadth of the wave, so that the hollow of one should 
juat correspond with the swell of the other, and thus that 
each ahould counteract the effect of the oilier, and tlie water 
consequently remain smooth." 

" Oh, Lawrence," said John, " it would not be possible to 
fit the two lines of the waves so exactly as that." 

" True," replied Lawrence ; " but ia it imposstblo to con- 
ceive of it ?" 

"No," rejoined John, "I don't think it is impossible to 
conceive of it," 

" You are right, probably," added Lawrence, " in saying 
that it would be impossible to perform this experiment 
with any waves and by means of ducks, but it can be rep- 
lesonted perfectly by artificial waves." 

" Artificial waves ?" repeated John. 

"* Yes," replied Lawrence ; " there is an article of appa- 
ratus by which the action and appearance of waves can be 
produced by means of bars of wood rising and falling, so 
fts to illnstrate the laws of their motion. You turn a 
cranic, and a motion representing a wave runs along the 
machine. With this they can show very plainly what I 
luive been explaining to you. There are two sets of mov- 
ing bars, or two systems, either of which alone makes a lino 
of waves. When they are combined in a way to make the 
elevations and depressions of both eyetema corre^oncf, the 



■PPP 1NTEBUINGLIII6 OF CNDCIATIOIJI 

waves are of double height; but when they ore combined 
BO as to make the elevations of one coi-reapond with the 
depressions of the other, then there are no waves at all. 
The mechanism moves, but the surface of the water, or 
that which repreeenta the surface of the water, remiuna 
smooth." 

"That's curious," said John. 

"And so with light," added Lawrence. "There ia a way 
of contriving to make the two sets of luminous undulations 
unite in such a manner as to produce darkness. I can not 
explain to you now how it is done ; only remember that in 
the books it is called interference. It is only interference, 
however, in one sense. Strictly speaking, neither interferes 
with or hinders the real and proper action of the other, but 
the two actions combined produce a remarkable result. 

"And now," added Lawrence, rising, "your five minutes 
are out, and more too, and it ia time for us to go home. 
Only you must try to remember exactly what ia meant 
philosophically by interference, as the word is used, in the 
science of light." 

As Lawrence and John walked over the suspension 
bridge on their return home, they stopped to watch the 
motions of the dncka and swans which were swimming 
about in one place near the shore. John looked attentive- 
ly to see whether he conld detect any thing like the phe- 
nomenon of interference in the optical sense, but he could 

" At any rate," said he, " I should like to have one of 
those wave machines that you described." 

" You can buy one, perhaps, when you get to Paris," 
said Lawrence, " with the money that you save by going 
I second class." 

John's father was a very wealthy man, and was perfect- 
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ly willing to supply his son with all the money that he 
could judiciously use, and Lawrence had full authority to 
furnish John with whatever he thought was j udicious. But 
they both had the good sense to know that a boy enjoys 
any acquisition that he may make much more, and feels a 
more real and substantial sense of property in it, if he has 
done something to earn it himself by some kind of effort, 
or sacrifice, or self-denial. A father who supplies his son 
freely and thoughtlessly with all the money that he wants 
acts very unphilosophically. He is as unphilosophical as 
he would be in thinking that it would do just as well to 
give his boy money to buy fish of a vendor going by, as to 
let him take his rod and line and go a fishing himself to 
catch them. 
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CHAPTER X. 
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A GBBAT in»iiy curious aad beautiful illusions are pro 
daced by tho reflection of light. One of the most remark- 
able oftheseis the exhibition of pretended ghosts and hob- 
goblins at places of public entertainment. John went with 
Lawrence to witness one of these exhibitions at a place of 
instruction and amusement in London called the Polytech- 
nic Institution, where the whole process was explained. I 
shall presently give an account of this visit, but in the 
mean time, in order that the i-eader may clearly under- 
stand the nature of the phenomenon, it is necessary that be 
should pay attention for a moment to a certain mathemat^ 
ical principle. 

If you throw a ball fi-om your hand to the floor directly 
downward — ^that is, at right angles to the floor, its tenden- 
cy is to rebound directly upward — that is, to come np as U 
went down, namely, at right angles. 

.' On the other band, if you throw the ball somewhat for- 
wai-d, so that it shall strike tlie floor at some distance be- 
fore you, it will, in reViounding, go still farther on. In this 
case the ball stiikes the floor at an oblique angle, and, on 
rebounding, or beinff reflected, as we might say, it rises at 
the sat/ie angle on the other side. 

It follows from this that if a boy and a girl standing at 
^a little distance apart are playing with a ball, and the boy 
"(Fisbes to thi-ow the ball so that the girl may easily catch 
it on the rebound, be must throw it so that it shall strike 
the floor as nearly as possible midway between theiu, SO 
thilt it may have a horisontal distance to rise in equal to 
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which was occupied in its deBCont; for this it must 
kVG if it is to rise a.t the Bame aogle and attaia to the 
me height. 

There is the eame tendency, BubBtantially, when the ball 
thrown against a perpendicular wall, though in this case 
10 efTect is modified to a greater extent by the weight of 
leball. 

In the ease of the reflection of light, the effect has noth- 
g to interfere vith it, and the result is, that universally 
le angle at which the light cornea to the reflecting suv- 
ce on one side ie the same as that at which it leaves it 
1 the other, or, as it ia expressed scientifically. 
The angle of incidence Is equal to the angle of reflection. 
This is one of the fiindamcntnl laws of optics. 
The principle ia made (ilaiu by the engraving, where C 
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repreeents a small hole in a ehutter admittiDg a ray 
light from the sun into a darkened room. The light 
upon a mirror lying horizontally upon a table, making with 
the perpendicular, AD, the angle of incidenoe,CD A. The 
ray is reflected in the direction D B, as far to the right of 
the perpendicular as it came in on the It/t; in other words, 
making the angle of reflection, A D 6, equal to the angle 
of incidence, ADC. 

An instrument has been devised for showing that these 
angles are exactly equal, so far as mathematical principle 
of this kmd can be shown by experiment. The next en- 
graving represents this instrument. 
It consists of a graduated circle, in the centre of which 
the mirror is placed, as shown at n. 
Attached to the graduated circle are 
two slender tubes, A and B, made 
movable upon the arc. The distance 
of each from the central point above 
can be easily determined by the grad- 
uation. It is found, in experimenting 
with this instrument, that when one 
of the tubes, A, is so adjusted on the 
arc upon one side, and the insti'ument 
HOOK or HBA8CBKIIZBT. j^ ^^ p]aced upoH thc tablc that a ray 
of light from the sun passes through the tube to the mir- 
ror, and the other tube is placed at the same distance on 
the other side, then, and only then, will the ray, after re- 
flection, pass out through tlie other tube, B. 

In the same manner, when the two tubes are placed at 
the same distance from the upper middle point of the arc, 
no matter what the distance is, a person looking through 
one of them will see any small object — a key, for example, 
held at the opening of the other, showing that in alt cases 
the angles of incidence and reflection are equal, 
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Almost all Bubstances reflect a greater or less poition of 
tlic light that falls upoa them. When a substance does 
t reflect light at all, it appears black. When the surface 
very smooth — as smooth as it is when we say it is pol- 
!c/, nn<I is at the same time plane — then it reflects the 
ight regularly and uniformly, and vo have an image of 
he luminous source in it. This ia because a sufficient num- 
r of the rays arc simply tumcd from their coui-ae and di- 
jcied towai-d the eye to form vision. They move at the 
amc angle, in relation to each other, after they are reflect- 
1 as before, and bo enter the eye just as they would have 
e had they not been reflected, but only came from a dif- 
Iwent direction. 
But when, on the other hand, the suiface is not polished, 
in the portions of the surface on which the light falls 
! broken and irregular; for, even though we call it 
mooth, it is not perfectly smooth, and the different por- 
ions of it reflect the light each in its own way. Thus the 
iglit comes to our eyes in a confused manner. 

You can get a clear idea of this by first supposing that 
1 loohing^lass is lying in the bottom of a basket, whole, 
D as to reflect clearly and distinctly objects seen in it, and 
ten that afterward it is broken into pieces, and the pieces 
a in confusion in the basket, all, however, right side up. 
he reflections would, in this last case, be confused. Yod 
Jvould see a general light, but no distinct imago. 

This is precisely what happens in the case of ice. When 

t is whole, and has a smooth and level surface, it reflects 

Ibe ice like a mirror; but when it is broken up into fine 

I, it presents a general white appearance, like snow, 

\ that is all. Snow itself consists in minute sheets and 

Ilea of ice, any one of which, by itself, reflects light like 

b mirror ; bat it is too small to reflect any complete object, 

raver minute, and so all the reflections coming con- 
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fiisedly together to the eyo produce the BcnEation of white- 
ness. 

There ia aoothcr thing very curious about reflection, 
which it is necessary to understand, in order that the man- 
ner in which the ghost illusion is produced may be fnliy 
intelligible. It is this, that the light reflected fi-om any 
mirror into the eye appears to come from an object lying 
in the direction of the rays as they enter the eye. Thia 
must of course be so, for the vision is produced in tlie eye, 
and by the rays which enter into it, and its character is 
of course detennined entirely by the character of the rays 
and the direction in which they are moving when they enter 
it. In other words, the impression nnie upon the eye is 
determined entirely by the condition of the rays of light 
after they enter the organ. It can take no cognizance of 
any changes these raya may have undergone on the way, 

This is illustrated in the engraving, where a portion of 
the light from the candle is reflected from the mirror and 
enters the eye. But you will see that it enters the eye 
from such a direction, and with such a degree of conver- 
gence — as is shown by the upper an-ow — as if it had come 
from behind the glass. Of couree it produces bucIi an im- 
age in the eye, and such a conception in the mind, as if it 
had really come from that position ; just as if the glass, 
instead of being a niiiTor, had been transparent, and the 
liglit had come from an object behind it in the position 
and in the light necessary to send rays directly to the eye, 
such as were really sent to it by the reflection. 

In the engraving, only that portion of the rays from the 
candle are represented which comes to the eye. Of course, 
in fact, the radiance, in such a case, emanates from ths 
flame in every direction, and some portion of it is reflected 
from every part of the surface of the glass, and is dispersed' 
to almost every part of the room. It follows from thiff 



I au eye in any place to whicJi tlie reflected raya come, 

f Ef tameii toward the mirror, would have au image of the 

I CftndlG formed within it by means of a different beam, and, 

£ course, the candle would appear to each obsCTver in a 

iflerent place behind the raiiTor, namely, in a place cor- 

Nponding to the coureo of his own particular beam. 

L Thoa, if there were twenty persons looking at the reflec- 

lon of the same candle in the same glass, there would be 

)/ images, distinct from each other in this sense, name- 

^f that each would bo seen reflected in a different part of 

c glasa from the other, and would be produced by a dif- 

rent beam of light. 

I You must remember, then, that tie mental perception 

> have of any object, formed by the image of it in the 

i, depeodB entirely upon the manner in which the light 
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from it enters the eye, and DOt at all upon any changes in 
direction or in cliaraeter that it may have undergone be- 
fore it enters. This is one of the principles on which illo- 
sions are created, namely, by causing the light to enter 
the eye in the way it would enter if it came really from 
such a source as would correspond with the intended illo- 
eion. 

There is one other curious thing to be observed in order 
to nnderatand clearly the philosophy of the ghoet illusion, 
and that is, that while opaque substances, such as the met- 
als, will only reflect light, without transmitting any — that 
is, will throw back what falls upon its surface, but will not 
allow any to pass through its substance from the other 
side, transparent substances, like glass and water, will rt- 
fiect a part of the light which falls upon them, and allow a 
part to pass through. Thus we can look out through a 
window into the street, and see what is there, and we can 
also often see the reflection of the fire, or any other bright 
object in the room, on the inside. "When you look out 
through a window from a room, and, still more, when you 
look into a shop window from the street, it often happens 
that you can not see clearly on account of the "glare." 
This glare is only the reflection of light from the glass on 
your side of it, which reflection prevents your seeing clear> 
ly the transmitted light, or, rather, seeing cUarty the o^ecti 
on the other side, which can only be seen by transmitted 
Ught. 

Thus, when you look into any such glass — that of a win- 
dow, for instance, some reflected and some transmitted light 
comes to your eye — that is, some light from your face, and . 
the other objects on the same side of the glass with yonJ> 
self, which is reflected, and some from the objects t 
other side which is transmitted, or, in other words, wfaioh 4 
passes through : of these two it is the strongest that e 
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—that is, it is tlie light from those objecta which 

ast strongly illuminated, on whichever eide they may hap- 

a to be, that makes the greatest impreBsion. on the eye. 

Thnfi the objects in the open air are usually much more 

rightly lighted than thoee in the room, and so, in looking 

mt at a window, we eee the trees, and the houses, and the 

!ople in the street, the light from which is strong, and is 

ransmitted to uh through the glass, while we do not see 

^e objects in the room reflected in the glass, because the 

ght from them is much feebler; and though it is reflected 

lame, notwithstanding that the transmitted light 

ia coming through, it does not afiect our vision much iu 

presence of the brighter light that is transmitted. 

But if you hold a candle, a lighted match, or any other 
right light before a window, you see the reflection of it at 
n the j^auc, even in the daytime. You can also see 
I a piece of white paper reflected in a window-pane, 
less thera is a very bright light ontside. 
I So, in the evening, when the room in lighted up, while it 
p nearly dark outside, the objects in the room are then the 
best illuminated, and the light reflected from them over- 
pcnrrers altogether, in the efiect produced on the retina of 
the eye, that coming from the street, and it is much more 
Scnlt to see any thing outside on account of this reflec- 
Tou have to hold your hands up on each side of 
rface to cut off the light from the objects in the room, 
d woald otherwise be reflected too strongly, 
I Tlua explains the reason why it is sometimes, especially 
B a bright day, difficult to see plainly what is in the shop- 
windows along the street, especially if the panes are of 
plate-glass. You see the objects in the street by the re- 
fitrUd light in the panes, because the light from them is 
ftronger than the light from the objects within. 
So, in the daytime, when the light ia stronger without 



3[ 



''■WI^LECIED AND TGANEMITTED LIGHT. 



see what I 
tlie street " 



than it is within the room, those in the room can see 
is passiug in the street veiy well, while those in the street 
can not see distinctljr what is passing in the room. In the 
evening, however, the case is reversed". Then, the room 
being better lighted than the street, we have always to 
close the curtains, for otherwise, the light being greater 
now within than without, those who are within can not see 
easily the objects without, while those without can see 
very plainly what is passing within. 

This principle, simple as it is, operates in a thousand dif- 
ferent ways, and intelligent young persons, who once un- 
derstand it, will take pleasure in discovering examples of 
it which will be continually coming under their observar 
tion, if they have only learned "how to observe." 

It is often, for example, well illustrated in the case of 
water. Water is transparent, and the surface of it, when 
left in repose, makes plane and polishes itself, thus forming 
a mirror; so that we can see objects on the bottom by 
light which comes up through it, or objects on the banks 




Ity light which is reflected, which we see most distinctly 
"lepends upon what is most brightly illuminated. 

When the water is tolerably deep, so that the bottom 
»ivee little light, then the reflected liglit iiredominates 
tin the eye, and we see, as in the engraving, the buildings, 
imd the trees, and the grass along the shore, and even the 
forma of the ducks swimming on the surface, by reflected 
light. The light, too, is reflected in accordance with the 
LwiDCiple alrectdy explained, namely, so as to make the 
Mngle of incidence equal to the angle of reflection. The 
Uonrse of only two rays is given Iti the engraving — one 
Bjlrom each of two points in the eaves of the buildings, to 
Hliow the principle. In tmth, however, there would be an 
■ofinite number of rays from each of these points, diverging 
■bi every direction, and striking the water at every angle, 
nil of them being reflected on the other side of the perpen- 
Iflicatar to each, at the same angle they made in coming to 
KU><^ surface. But only those which fell upon the water at 
H^ch an angle as to cause them to proceed, afler reflection, 
■to the eye of the boy, would take cflect in his vision, and 
Bfao would sec the image of the points from which they pro- 
Banded in the direction in which they came to him, as 
^■Hrn by the dotted prolongation of the lines beneath the 

H| In tlie same manner, from every other point m the build- 
Hl^ and in the adjoining trees light would be radiated, 
^■nd would fall upon the water at every angle, and those 
Bn ty tbnt fell at the right angle to bo carried, after reflcc- 
Huon, to the boy, would aid in completing the picture of the 
^paadKspo in his eye. Thus he would have an image of the 
^BNtire Bcene upon his retina, the several parts of it appear- 
^n^ IS iar below the water as the real object was above, 
^Except eo far as the etTcct would he modiflcd by the higher 
^br lower portion of )iis oy<'. 



If the water were perfectly Bmooth, then the image woald 
be perfectly clear and distinct. But this can never be, as 
the eurface of water is never perfectly smooth. It is ruf- 
fled by Blight movements of the air in the calmest days. 
In this case, the ripples made by the swimmmgoftheduckB 
aflect it i and even the swimming of lighcs or of frogs, fur 
below, is sufficient to produce some change in the surface, 
and to prevent absolute repose. 

When water is deep and the bottom is dark, we see the 
reflection most clearly, for then there is very little trans- 
mitted light coming up through to disturb it ; but when 
the water is shallow, and the objects on the bottom are 
bright and clear, then we see the reflection indistinctly or 
not at all, for the reflected rays are overpowered by those 
which are transmitted from below. 

These are, then, the fundamental principles on which the 
ghost illusion depends, namely, that any material which ig 
at once transparent in substance, ntxt niso ^lane and pol- 
ished upon its surface, like a plate of glass, for example, 
will tranemit and also r^ct light at the same time, so that 
you can see objects throut/h it and objects reflected in it 
together, and the comparative distinctness with which you 
see them depends upon the comparative intensity of the 
light with which they are respectively illuminated. 
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CHAPTER XI. 

8F&CTEES AND GQOSTS. 

One of the principal cross streets of London is Regent 
Street. It crosses the great thoroughfares which run 
lengthwise through the vast city, and which are the scenes 
of the principal movement to and fro, being filled in all the 
hosineBs hours of the day with long lines of cabs, and om- 
nibuses, and drays, and coaches, and carriages of all eorts. 
These long thoroughfares, extending for many miles, are 
lined with shops of every kind ; but Regent Street, which 
crosaes them in the gayest and most fashionable part of the 
town, is emphatically the street of shops, or stores as we 
call them in America; for the goods, and wares, and oh- 
jecte of interest and curiosity, and tlic novelties of dress, 
and articles for presents, and books, and engravings, are 
numerous and splendid, and more tastefully arranged 
iKhind the great windows of plate-glass here than in any 
other part of London. If you wish to buy any curious or 
pretty tiling to bring home with you as a souvenir of Lon- 
don, there is not a better place to look for it than Regent 
Street. 

There is one part of the street that is more splendid than 
the rest. At the lower end of it, where it approaches the 
region of the houses of Parliament, the club-houses, and 
the palaces of the old nobility, it makes a grand sweep in 
the form of a quarter of a circle. This part of the street 
is known, in fact, as the Quadi-ant ; and as the buildings on 
aide are uniform in architecture throughout the whole 
Itngtb of it, and as the shops are, if possible, more gay and 
K 
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Splendid than those in other parts of tho street, the Quad- 
rant is quite a celebrated place for going a shopping in, es- 
pecially for strangers and visitors in London. 

The Polytechnic Institution, or, as it is more commonly 
called by abbreviation, the Polytechnic, is situated in Re- 
gent Street, though it is in the straight part of it, at a con- 
Biderable distance from the Quadrant. John saw one day 
an advertisement in the papere of an entertainment that 
"was given there every evening, in which the manner in 
■which ghost illusions are produced on the stage was to be 
explained, and he felt a strong desire to go and see it, 

" Yes," said Lawrence, " I should like to go too ; but, so 
far as the showing of a ghost is concerned, I can do that 
here myself for you in this very room." 

"But you can't do it as they do it at the Polytechnic," 
said John. 

" On the same principle," said Lawrence. " I could not 
do it on so large a scale, and I could not make tbo illo&ioD 
complete, because I could not conceal fi-om you the means 
by which I should do it ; but I should do it in precisely the 
name way, so far as the optical principles are concerned. 
Still, I should like very much to see how they do it at the 
Polytechnic," 

" And I should like to see how yoa do it your way," said 
John. 

"Very well," said Lawrence. 

So saying, Lawrence took from the table a card, and cut 
out from it a figure which formed a rude resemblance to a 
ghost — that is, a fantastic figure, with its arms extended, 
and covered with a sheet. 

There was a shelf outside the window of the room that 
Lawrence and John were in, placed there apparently to 
bold flower-pots, though there were at that time no flower- 
pots upon it. There were also upon the mantel-piece ( 
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mbor of ornamentB, and among the reet an image of a 
Bt, in a sitting postnre, Lawrence wODt to the mantel- 
liece and took this image from it, and then opened the 
pndow and Bet the image outside upon the edge of the 

Mf- 

"There," said he, "I am going to see if I can't frighten 
t cat with a ghost." 

He then lighted one of the candles by means of a match, 
1 brought it near to the window, holding his ghost in 
ene hand and the candle in the other. He placed John 
ear the window, directing him to look at the cat. Then 
e held the figure of the ghost a little behind John, and 
irer his head, and also held the candle in seeh a position 
hat it shotitd shine upon the figure, and yet not shine into 
jfohn's eyes. Tlie consequence was that a strong light was 
ttirown upon the paper ghost, which made the reflection 
fit plainly visible near the place where the cat was seen 
»y direct vision. In other words, the light from the imago 
t the cat came through the glass from the ontside by 
rati»niieston, while that from the ghost, from the inside, on 
(riking the glass, came back to the eye by rejection ; and 
bos the two images were produced side by side on the ret- 
n of the eye. 

"la that the way they do it ?" asked John, 

~ 'c8," said Lawrence, " that is exactly the way in prin- 

only they do it on a much larger scale, and they oon- 

livo to conceal the means. Here, for instance, the ghost, 

wing only a paper card, is lifeless, and tlie cat is lifeless 

; whereas the effect would be the same if they were 

both alive, and could move, so as to increase the appear- 

ce of reality." 

"A cat would not do for that," said John, "for cats are 
IPt afraid of ghosts," 
" How do you know ?" asked Lawrence. 
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Because, if they were," said John, " they would not dare 
to go about nights as much as they do." 

" They could have a man, then," said Lawrence, " and he 
could pretend to shoot the ghost, which it would be very 
safe for him to do, since he would only shoot at nothing — 
in the air. The real person by which the appearance was 
produced would be on the other side of the glass, far 
away." 

"He might break the glass, then," said John. 

"No," replied Lawrence, " for the image is not in the 
glass, but far behind it — as far behind it, in fact, as the real 
object is before it. The image of my little ghost, for in- 
stance, appears, not on the surface of the window-pane, but 
out on the shelf, where the cat is — as far, in fact, from the 
glass on the outside as I hold the paper from it on the in- 
side." 

Here Lawrence moved his card backward and forward, 
nearer to and farther from the glass, and showed that the 
image seemed to advance and recede in a manner exactly 
corresponding to the movement of the object. 

Any reader of this book can see how this was done by 
cutting out such an image and holding it up near the win- 
dtjw, with a lamp or candle near, to illuminate it strongly. 
The effect will be greater if tliis is done in the evening, be- 
fore it is quite dark, so that there shall be no bright light 
shining upon the objects in the street, but only enough to 
make them visible. 

"If I wished to make a representation of the ghost at 
the other side of the street," continued Lawrence, " then I 
should have to carry back my paper ghost to the back side 
of the room, and make it a great deal larger. I might have 
a real person, with a fiheet over his arms, to represent the 
ghost, BO that he might make gestures and walk about, but 
the piinciple would be the same in that case as in Hue. 
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1 then the illusion would not be complete, for the 
Mil ghoBt, and the Ijght aliiniiig upon him, and also the 
[lass of the window in which he was reflected, would all 
B seen. In the contrivances for producing these illusions 
B the Btage, all these things are concealed." 
So saying, Lawrence tools a book out of hia trunk and 
Dpened to an engraving in which the arrangements usually 
ado for producing such illusions on the Btage were i-epre- 
mted and fully exphined, 

Yoa Bee here a copy of this engraving. The glass ia a 
irgc piece of plate-glass, like a very large looking-glaaa 
irithont any silvering on the back, and it covers the whole 
ront of the stage. In the engraving the edges of the glass 
; seen, bat in the actual performance these edges are 
wncealed by the curtains coming close to them on each 
■de. Of course the glass must be extremely large. It is 
bleed, too, in an inclined position, so that all the light 
ihining npon it from the side towai-d the audience ia rc- 
lected downward, and thus it produces no " glare." 

The figure which ia to form the image of the ghost in 
lie glass is in &ont of tho stage, and is placed low enough 
9 be entirely concealed from the view of tho Hpcctators. 
I is strongly illuminated by a very bright light, which is 

concealed under the stage. The hght, of course, radi- 
I in every direction from the figure, and spreads over 

hs whole surface of tho glass, whence it is reflected all 

ivcr the theatre; and a certain portion of it, sufficient to 

m an image upon the retina, reaches every spectator, 

1 fiuoh an image, moreover, as if the light, instead of 
ning up from beneath the stage, and being reflected by 

le glass, had really come from an equal distance behind 
B stage — that is, from the place where the image seems 

> stand, near the man who is pointing a pistol at it 
Ulia man would, however, not seo any image at all near 
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him, any more than a person behind a looMng-glasB Btand- 
ing out upon a floor would Boe the images reflected in. it to 
those before it. Tlie figure is represented there only to. 
show how it would appear to the people in front. 

In the same manner, the outline of the figure upon the 
glasB itself is only imaginary, being sketched there only to 
show how and where the light is reflected. There would 
be no Buch image really there. The only things that would 
actually exist would be the figure below, the light emana- 
ting from it, and the images of it in the eyes of the specta- 
tor. In other words, what the spectators really see is the 
figure itself, only they hoc it by light coming to them in 
zigzag lines, or, at least, lines taking one shaip turn, as it 
is reflected in the glass, instead of in direct Hoes ; and as 
the short turn taken by the rays of light at the glass is al- 
together outside of the eye, their sense takes no cognizanc9 
of it, and the object appears to ihera as if it were seen di- 
rectly before them on the stage. 
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CHAPTER Xn. 

THE POLYTECHNIC DtST l T UTJ OX. 

Laweence and John set off one evening about seven 
o'clock to go to the Polytechnic. 'ITiey went up through 
Regent Street, and, as they had plenty of time before them, 
tliey stopped along the way to look into the shop-windows, 
to examine and admire the curious and beautiful things 
that were to be seen in them. At length they arrived at 
their destination. The building presented Gomewhat the 
appearance of a church. They passed in through the 
porch in company with many other persons, and stopped 
on one side, as they went in, at a little office to buy their 
tickets. The tickets were a shilling — that is, an English 
shilling — each. The value of an English shilling is about 
a quarter of a dollar. 

When they were fairly within, they found that the inte- 
rior of the principal room was still more similar, in its ar- 
rangements, to a church than the exterior had been, for it 
was of an oblong shape, with an open floor below, and gal- 
leries above all around supported by pillars ; only, instead 
ofpews, the floor below was filled with small steam-€nginGS 
and large articles of apparatus ; and the floor of the gal- 
lery was also flat, and had a range of curiosities and little 
machines over the balustrade in front, and upon shelves 
against the wall behind, with an open space for people to 
walk in between. Where the pulpit usually is in a church 
thore was a great tank, ten feet square and vei'y deep, which 
was filled with water, and over it there was hanging an 
immense diving-bell, ready to go down. 
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Lawrence and John walked about for some timo among 
these thbgs, observing and examining all that they saw, 
until at length they came back to what would be called in 
a church the singers' gallery, where there was a seat, upon 
which they could sit and rest themselves, and, at the same 
time, look down over the balnstrade to the scene below. 

Immediately beneath them, on the lower floor, was a 
steam-engine, and various other machines connected with 
it. A little farther on was a large table with a blowpipe, 
and several other contrivances attached to it for glass- 
blowing. The glass-blower was sitting at the table at 
work, making a great many curious things, and a number 
of persons — young men, young women, and children — were 
Standing around the table watching the operations, and 
bnylng the articles which tlic man made as soon as fin- 
ished, or selecting tbem from a large supply of similar ar- 
ticles which he Lad on the table before him, and which he 
had previously made. 

It was carious, John thought, to see the process of spin- 
ning glass silk as this man performed it. He liad on his 
left hand a wheel, about a foot in diameter, wMcb woa 
mounted on a stand, and made to turn by a crank. To 
spin tho glass thread, or silk, he held the end of a glass rod 
in the flame of the blowpipe before him, to keep a portion 
of it melted, or at least softened enough to be drawn out 
into a fine thi-ead, and this thi'ead, aa fast as it was drawn, 
he wound round the wheel, turning the wheel all the time 
with his left hand. 

Of course Lawrence and John conld not see the thread 
from tho distance at which they were sitting, it was so fine; 
but they could see the glass rod, and the glow of light at 
the end of it, where it touched the point of the flame of the 
l)lowpipe, and they could also see tho wheel turn, which 
wrvcd as a reel to wind the skein upon. 
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" I Bhould not have thought it woald be possible to spiQ 
^ass in that way," said John, "and certainly not to spin 
t BO even and true, I looked at a piece of it when I was 
n there, and it was jnst as even in every part as a hair, 
tnd very fine, and yet the man does not seem to take any 
uns to make it so even." 

"It evens itself," said Lawrence. "There are one or 
J very curious principles involved. There is one that 
rou wilt think is specially curious, tf I can only explain it 
> that you will understand it. You see that, the hotter 
be glass is, the weaker it is, because it is more fluid ; while 
tbe colder it is, the stronger and stiffer it is. Now, in draw- 
mg out the glass, it gets cold and strong just in proportion 
1 it gets thin, and that holds it in the thin and slender 
places, and prevents it getting thinner. 

"In other words," continued Lawrence, "just so fast as 

y parts of the thread get thiuner than the rest, they cool 

st once, and become stronger, and that brings the force to 

act upon the parts which are thicker, and, of course, more 

Boft, and they are drawn out until they are as thin aa the 

L^t" 

m The same principle operates on a larger scale in palling 
■pandy, and it is by the effect of it that it is so easy to make 
■be candy into sticks so uniform and even. 
B Just at this moment a bell was rung, and there was an 
hnmediate movement among the audience toward a certain 
Hoor beliind the place where Lawrence and John had been 
■llltting. They immediately rose and followed the multi- 
Bade, supposing that the boll was a summons to hear the 
Hectare on ghosts. There was a great crowding and jam- 
Kung in getting through the door, each one apparently be- 
WpS ^'^S^' ^ obtain a good seat. 

H Lawrence and John pressed onward with the crowd, 
Htad, wlien they at last entered the ivxini, they found that 
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it vas a lecture-room arranged somewhat like a tlieatra 
There ivas a small stage at the farther side, with a curtaio 
drawn before it. In front of the stage was a iiarrow area, 
which was open, and a desk, or small pulpit, with a tabic 
hj the side of it, for the lecturer, at one end, and Eomcthing 
that looked like a large and tall box on wheels at the other 
end. Immediately back of this open area were the seats 
for the audience, which rose one above another by a rapid 
ascent, so that every body could see. 

Tliere were various exhibitions and performances during 
the lecture, which continued for about half an hour. The 
lecturer was the celebrated Professor Pepper, who is dis- 
tinguished for his tact and skill in explaining and elucida- 
ting philosophical principles, and making every thing clear. 
He had an assistant with him, and the first thing to be done 
was to darken the room, and then throw a beam of very 
strong light from a kind of lantern that tlie asBistant had 
upon the table across the area — or, rather, along the area 
from one side of the room to the other — before the specla- 
toi-a. The beam made a round and very bright spot upon 
the wall, but was not visible on its way through the air, 
or scarcely visible, because there was nothing there to in- 
tercept and reflect it to the eyes of the spectators. For 
you will recollect that, aa has been explained before, light 
is not visible by itself as it passes through space before ub, 
but only so far as it is intercepted by some substance and 
turned from its course, and so directed into the eye. 

There were, however, some few minute motea and parti- 
cles of dust floating in the air of the room over the area, 
which served this purpose of intercepting and reflecting 
the light in some slight degree, bo that the path of the 
beam through tlie air was not wholly invisible. The as- 
eistant, however, soon brought it very clearly into view by 
using something which emitted a thick smoke or dust of 
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some kind, and which he beat in the path of the beam of 
Bght eo aa to make it very dietioctly and beautifully viai- 
bla The professor then held mirrors and lenses of varioua 
lands in the path of the beam, so as to turn the light in va- 
'Oous directions, and ehaDgo the condition of it in various 
ways, thus causing it sometimes to converge and come to 

point, and sometimes to diverge and diffuse itself, in 
which case it made a very large and bright spot upon the 
ceiling overhead, or upon any part of the wall on which he 
caoBed it to fall. The aseietunt all the time continued to 
pnfiFthe smoke or dust into the path of light, so as to mako 
Ub course distinctly visible. 

After some farther experiments and illustrations of this 
i^iud, the timo came for the ghosts. The curtain rose and 
ironght to view a small stage, like that of a theatre, only 
L^e front of it was closed by an immense pane of plate- 
iglasB, which must have been Bome ten feet square. This 
iglaas was, however, not at all noticed by the audience, for 
it waa inclioed forward at such an angle as to throw the 
reflections of all the liglit that came from the side toward 
the audience down toward the floor, and under the front 
of the stage, so that none except those who were in the 
secret had any idea that there was any glass there. The 
edges of It, at the ends, were well concealed by curtains 
coining np close to it. 

The BpBOtatorB, therefore, did not see either the glass 
itself, or any thing reflected in it, T/ieir reflections wero 
all thrown downwai-d. It is true that if there had been 
any thing bright down beneath the front of the stage they 
rl have seen the reflection of \l coming up to them; 

t good care had been taken to prevent that by making 

dark there. The ghost was there, or, rather, the person 
'ho WRB to represent the ghost, but there was no light yet 

lining upon him to bo reflected by the glass toward the 
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andicncc, and so the audience saw nothing in the glass, . 
but only eaw tkrovgk it, and, of course, only saw what was 
actually upon the stage hefore them. 

Things being thus arranged, all that was necessary was 
to allow the real pereon on the stage to talk and act as 
usual until the time came for the ghosts or hobgoblins to 
appear, when all at once a very bright light was thrown 
upon the objects representing these things under the stage, 
when all the spectators in the seats would see them re- 
flected in the glass ; and, as the images of them would 
appear as far behind the glass as the objects themselyes 
were before it, they would seem to be back upon the .• 
stage, among the real actors. I 

There is one curious difficulty, however, in the manage- 
ment of snch an exhibition, and that is, that without some 
special contrivance to prevent the effect, the position of the I 
mirror, inclined at an angle of forty-five degrees more or ^ 
less, would have the effect of making the floor on which { 
the personations of ghosts and goblins stood under the ' 
front of the stage appear in the glass in a perpendimtiar ,\ 
position — that is, up and down— so that the images in it ■] 
would appear standing out upon the wall, in an impossible | 
attitude. John had observed in the advertisement of the i 
exhibition in the papers that the ghosts would " dance on j 
walls and ceilings," and he had at first imagined that the '{ 
being able to make them do so would be the special won- 
der of the performance, and would require very particular 
and extraordinary, and even, perhaps, quite complicated 
optical arrangements, instead of being, as it really is, a 
very difficult thing to avoid. 

Any one can see this for himselt by means of any look- 
ing-glass — a small one will answer the purpose perfectly 
■"oU. Tou place this glass on a tabic before you, first liold- 
[ it in an upright position. You plice any object before 
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Jit, a small doll, for example. Now, bo long as the glass 
and the doll are both upright, the image of the doll ia the 
[IftHs will appear npright, and the tahle, as reflected in the 
I, will apj)ear level, as it is in reality. But the moment 
t you begin to tip the glass forward, the reflected por- 
i of the table will begin to rise up, and the reflected 
ige of the doll will incline forward, and what at first 
longht seems singalar, the apparent movement of what is 
jen m the mtiTor upward and forward will be twice as 
reat as that of the mirror itself forward and downward ; 
) that when the mirror is inclined at an angle of forty- 
hre degrees — that is, half way down to tho table — the r&- 
d part of the table will he perpendicular, and the doll, 
tBtead of standing upright, will be projected forward, as 
Fflbe wore standing on a wall. 
A very good thing to try this experiment with, especial- 
f when older brothers or sisters wish to show it to the 
winger children, is an image of a mouse, and then the 
juniee will seem, when reflected, as if running up or com- 
Bg down a wall. 

Tbaa, instead of there being any difficulty in represent- 
Ig the ghosts and goblins as appearing to be on a wall, 
e real difficulty is to make them appear to be on a level 
)oor. 

There are various means and contrivances used to ao- 
pmplifih this last purpose, one of which ia to have another 
)ass, to reflect the tight a second time, and so bring tlio 
iDsttion right. 

Another is to have the person representing the ghost, or 
^ flgnre, whatever it is, placed horizontally on the floor, 
nd tfane it will appear, when reflected, as if standing back 
gaiiurt the wall. You can obtain a general idea how this 
done by holding the looking-glass in an inclined position 
fere yon on the table, and then placing the doll on its 
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back on the table, ■with its feet toirord the glass. The dol! 
■will thus appear in an npright position in the glass. 

In these experiments ■which you make ■with the glass, a 
common table will be found too low, except for young 
children whose heads just come up above the level of the 
upper surface of it ; for the head of the spectator ought to 
be about on a level with the middle of the glass, A chair 
placed upon a table — a kitchen table, for example — will 
bring the glass, perhaps, at about the right height for 
young persons from twelve to fifteen years of age. 

In the exhibition which Lawrence and John witnessed 
at the Polytechnic there were several different perform- 
ances, in which quite a number and variety of phantasms 
■were made to appear. One ■was the figure of a statue, 
which had the appearance of standing back against the 
wall of a painter's studio. Of course it was produced by 
some kind of statue in pasteboard, which was lying in a 
horizontal position beneath the front of the stage. It could 
be made to appear and disappear at pleasure by throwing 
a strong light upon it or shutting the light off. Then 
there were figures also — some that represented hobgoblins 
that ran about upon the waU. One ^was in the form of a 
monstrous fat lizard, with four pa'ws and a long tail, that 
crawled about in a most mysterious manner as he appeared 
reflected in the glass. Of course this animal was really a 
boy, with an artificial shell or coat to represent an uncouth 
green monster. 

Then there ■were a number of very pretty and agile lit- 
tle fairies in gorgeous dresses, that danced about in the 
most fantastic manner, so much so that it was difficult to 
follow them, and to tell -whether they were upon the wall, , 
in the air, or upon the floor, 

Aft«r the exhibition had been continued for some min- 
utes, and it was time to bring the lecture to a close, Pro- 
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fessoT Pepper caused a small curtain in front of and below 
the stage to be lifted np, so that by looking down the spec- 
tators could see the objects directly that they had before 
seen reflected in the glass above — ^the pasteboard statue, 
the lizard, and the other similar monsters, and, what was 
prettier than all, the little &iries, who proved to be young 
and agile girls, dressed gayly as dancers. There was a 
very bright light shining upon them, and the girls bowed 
and smiled, and made salutations to the audience in a 
charming manner. A moment afterward the light was 
suddenly shut off, the fairies and hobgoblins all vanished 
in an instant, the curtain which had concealed them was 
dropped, the gas was turned on above so as to brighten up 
the whole room, and the performance was over. 
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FoK such performances as tbose wliich Lawreoce and 
John ■witnessed at the Polytechnic, and also for many oth- 
er purposes, a very bright light is required. Tbei'e are 
modes of producing artificial light of such intense bril- 
liancy that you can not look upon It directly with tha 
naked eyo for a moment. 

But, though we can not look upon the light itself with- 
out dazzling the eye, the illumination wbich it produces 
when shining upon other objects, though exceedingly 
bright, is very TDoautifol to see. Then, moreover, when 
objects are to be seen by reflection in a glass, thero is great 
advantage in being able to illuminate them by a light en 
strong that it can not be viewed directly without dazzling 
the eyes. 

Besides this, thero are a groat many cases in which light 
is diminished by diffusion instead of by reflection, and as 
the difl'usion weakens it, as has already been explained, in 
the ratio, for similar purposes, of the srjuares of conv^jond- 
inff lines, the light must bo very bright indeed at the 
source, in order that it may be bright enough after diffa-. 
si on. 

The engraving on the opposite page, for example, repi 
senta what is called a magic;lantern. It consists of akini 
of lantern, with an apparatns within it capable ofprodm 
ing an intense light, and also of concentrating this light 
a point, from wbich it afterward diverges in such a manni 
aa to produce an enlarged ahadow, or image, of any minnta' 




ftject placed near the fociia of ihe light, and throwing it 
^on 3, Bcrcen across the room, where many pereons can 

B it together. 

iThe firet purpose, however, for which the need of a very 

pight light was felt by mankind was to increase the range 

f illumination spread over the s«?a from tho lanterns in 

Kbt-honsca. Light-houses on sea-coasts have been in nse 

fjom Tery ancient times. It is true that, before the inven- 

D of the mariner's comp&ss, ships were very seldom taken 

atUonallyfar out of sight of land. But they were at any 

t liable to bo driven off the coast by sudden Btorms, or 

iCve shores that were near hidden from view by mists, 

I, or driving rain; andsometimes their voyage would 

rotreoted by imfavorablc winds, so that night would 

2 before they had entered their destined port. 
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From the effect of these and other similar canses, lights 
placed at certain points aloDg frequented coasts were very 
early used, long before any means were known of produc- 
ing any light brighter than that afforded by an ordinary 
fire, or, rather, from such as could be produced by the most 
combustible natural substances that could be obtained, 
Buoh as resinous wood, or porous materials saturated with 
pitch, or bitumen, or oil. These subatances were placed 
Bometiraes in an iron receptacle called a cresset, which was 
reused upon the summit of a high tower, the system requir- 
ing, of course, the constant attendance of a guardian to 
watch and continually replenish the fire. 
The vessel containing the fire was called a cresset, from 
the word croisette, a little cross, 
the iron-work being ojlen sur- 
mounted with a cross, in token 
of the dependence of the poor 
mariners, in their exposures to 
the terrible dangers of the sea, 
on the special protection of 
lieaven. 

There is one thing which it is 
very important to observe in 
respect to the manner in which 
lights upon a sea-coast aid the 
mariner in finding his way over 
the dark waters, and that is, that 
the object is entirely different 
from that of light in other cases, 
as, for instance, those in the street, or in a room. These last 
are intended to illuminate the surrounding objects so that 
tftey can be seen. In these and in all other ordinary cases, 
the use of the light is not to make itself seen, but to iUa- 
minate the objects that it shines upon bo that thet/ can be 




OBJECT OP TUK LIGirr-aOCSE. 119 

seen. Bat the pnrpose of the light from a light-honae is 
not to enable tlie observer to see any thing except itself, 
but to Bee itself only for the purpose of enabling him to 
determine where he is. It doea not make visible to him 
the entrance into the liarbor, nor show him the racks and 
shoals which he is to avoid, but only to show itself , and, by 
80 doing, to mark a iioint, for the purpose simply of mak- 
ing known to the mariner where he is. Being gaided in 
this way only in determining his position, he must depend 
npon hia chart, or his own knowledge of the coast lines 
near, for his guidance into the entrance of his haven. 
Thus it happens that, for a beacon on the shore of the 
there is required, not a diffused, but a highly concen- 
.ted light, to show itself to the mariner simply as a star 
beaming from the midst of surrounding darkness. All that 
the manner requires of it is that it should show itself to 
him. He does not expect that it will reveal to him any 
'pf the Burrounding objects. These he must have iu his 
mory, or in the mental conceptions which he forms fi'om 
chart. The light is only to enable him to place himself 
properly among them. 

There is another thing that is remarkable and is very 
important to be understood in respect to such a light, and 
is, tliat it is only that portion of it which shines in 
,&in limited directions that is useful for the purpose re- 
ed — namely, that which goes forward over the sea — 
of this only that portion which passes along at a mod- 
s distance above tJie surface of the water. The light 
I any luminous point radiates naturally, as has already 
ixplained, in every direction, so as to illuminate a 
iplete sphere. A very large portion of this sphere is 
~ of course, by the ground. Half of It would be so 
off if the light was at the surface of the ground and 
grotmd was level ; but, as the light is raised above tho 
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Bnrface, an amount less than one half, though Btill a very 
lai^ portion, ia thus intercepted. 

Then, moreover, as the light of a light-house is not in- 
tended to guide travelers by land, all that would naturally 
shine on the landward side, if it were allowed to have its 
own way, would be entirely lost. In the same manner, as 
it ia not intended to shine for the benefit of the birds in 
the air, all that would go upward would be lost. In a word, 
it is only that comparatively small portion of the sphere of 
radiance that extends forward over the surface of the sea, 
and at a small distance above it — as high as the deck of 
any vessel — that ia of any use for the purpose designed. 

Now in ancient times, when these lights consisted sim- 
ply of blazing fires on the summit of a tower, all except 
this small portion was lost; but in modern times means 
have been found to avoid this loss by bending that portion 
of the rays that would naturally take a wrong direction 
into the right one — that is, by intercepting- all or nearly 
all those rays which would go back over the land, or down 
into the ground, or up into the air, and turning them in the 
direction where their services are required — that is, out 
over the water. This is done by certain extremely inge- 
nious contrivances, through the effect of which the rays 
which issue from the source of light are collected on all 
aides and made to shoot forward over the aea, so that, in- 
stead of fonning a sphere, the range of illumination takes 
the form of a flat wheel, or, rather, half a wheel, extending 
forward over the water, and lying very low. 

And inasmuch as we can only see any object when the 
rays from it enter the eye, we can only see the light from 
a light-house when wo are placed within this range. Thns 
people on the land behind a light-house would not see the 
light of it at all, nor would birds in the aiiv A bird that, 
had alighted on the mast-head of a ship coming in a iaxkt. 



([ht toward the coast would see the light of tlie light- 
s like a very brilliaot star in the horizon ; liul if ebe 
iduld leave her perch and fly a few hundred feet into the 
would lose sight of it, and she might well wonder 
hat had become of it. The truth would be, that all the 
[ht which would uaturally have come to that point 
ttuld have been bent downward near to the surface of 
e sea, for the liciieiit of the mai-incrs on the decks of their 
), leaving the I'cgions of the upper air in darkness, 
B ninmination uot being intended for the benefit of the 
rds. 

There ia required, of course, a very bright and coneen- 
ited light for such pui-poses as this, in order that the 
Kessary amomit of illumination mrty be brought within 
;h a compass that the apparatus witliin which it is con- 
ned, and the lenaea and reflectoi-s required for throwing 
the radiation from it out over the sea, may not be of an 
ranvenient or immanageable eize. 

A very bright light is also required for the spectral illu- 
DS exhibited on the stage, which have been described in 
brmer chapter; for, as it was there explained, it is only 
mrt of the light that falls upon a glass plate that is re- 
sted from it, and, consequently, any object that ts to be 
n by reflection must be strongly illuminated. 
fhis is especially the case when, as has already been ex- 
ined, a double reflection is required to produce the de- 
id effect in the best manner. You will recollect that, 
one reflection only, in an inclined glass, objects that are 
■pendicnlar in reality are made to appear horizontal. To 
sedy this difficulty, and bring the image into a right po- 
lon, R second reflection is necessary. Wlicn, in order to 
lect thifl, two plates of glass are used, as shown in the 
t chapter, a specially bright light is requii-ed to supply 
neccaeary quantity for the double reflection. 



You must understand, however, that, as was cxplainedl 
in describing such spectral illusions, Dothing of all thesS 
aiTangements and eft'ects is seen by the spectators io front, 
except the ultimate image seen in the upper glass, and ap- 
pearing as if it stood upon the stage. The plates of glass; 
the course of the rays, from the source of light in the in- 
Btrnment where the man is sitting, through its zigzag 
course to the eyes of the spectators; the two images, ona 
ou the lower and one on the uppor glass, as well as tli8 
form and position of the glasses themselves, are all shown' 
in the engraving of this double refloction for the purposfri 
of showing what the actual track of the rays through the 
air is in such a case. But wc never i-ealiy see rays passing 
thus through the air before us. The eye takes no cognizantw 
of any rays except those which actually enter it, and are 
ooncentraled by the lens into an image upon the retina. 
Thus the spectators, in the case of an illusion like this, ' 
would be wholly unconscious of all these movements of tho 
light, and even of the existence of the glasses, although one 
of them would be full before them. The light would only 
enter their eyes as it was reflected the last time, which 
would be exactly as if it came fi'om a figure standing behind 
the glass upon the stage, and thus the illusion is created. 

In other words, the ghost seen is simply the redectioRi 
of a real figure in a mirror. In oi-dinary cases we knoiTl 
that the reflection seen in a mirror is an illusion, for thB: 
mirror is silvered on the back so as to allow no light from, 
any thing really behind it to pass through, and thua only 
the objects that are reflected in it can be seen. We see th« 
frame of it, moi-eover, so that we know that the mirror ia 
there. But, in the case of these spectres, the plates of 
glass have no frames, and the edges of them are concealed, 
and we see, moreover, objects through the glass as well u 
those reflected in it. In ordinaiy cases, when we see ob 
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:ts tliroiigli a glass, wc do Dot see those reflected in it, 
tbu light Bhining on the objects beyoud tbjit are 
in through the glass is usnully suflicient to overpower, 
or nearly overpower, the i-efleeted light ; but, by throwing 
s very strong light upon auy object that is to be reflected, 
re can remedy this, and enable ourselves to see the image 
f the illuminated object by reflection as plainly as we do 
boso beyond the glass directly, as can be shown in a very 
imple and conclusive manner by the expeiiment already 
xplained of holding a piece of papei', with a lamp or can- 
lie sliining directly upon it, near a pane of glass in the 
window in the daytime. The paper thus illuminated will 
be very distinctly seen reflected in the glass. Indeed, 
white paper cmit« nsnally so much light that it can ordi- 
,rily be eeen faintly reflected in the glass, if it is held 
or, without any artificial illumination ; but the brightr 
sa of the image will be greatly increased by the bright- 
er the light shining upon it. 
On the same principle, if yon stand near a window, with 
Bnr back toward it, and hold up a pane of glass, or any 
nail piece of glass, before your eyes, you will soc the ob- 
scts oat of doors very plainly reflected in it, especially if 
IB a bright day. Ton can also see throiigh the glass the 
i>ject8 that are in the room, but the objects outside will 
B seen too, very distinctly, and the more distinctly in pro- 
Drtion to the brightness of the light which shines upon 
lem. 

Thus, when for any reason we wish to sec any object dis- 
DCtly by reflected light in a glass which is not silvered, we 
iquire a very bright light to shine upon it, and this is con- 
iqaontly one of the purposes for which a very bright light 
required. 

On what principle and by what methods these very bright 
ghta are obtained will appear in the next chapters 
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CHAPTER XrV. 

COMBUSTION OF MAGNESIUM. 

One day, just before the time for dinner, John came 
home from a. ramble n'hicli he Lad been taking through 
the Btreets in London. The table was Bct for diuoer, and 
Lawrence was reading a newapapev, liaving comfortably 
eatabliahed himself in a large ai-m-cbair near a window. 

When Lawrence heard the rap which John gave at the 
Lnocker at the door, he said, 

"There comes John." 

He knew him by hia rap. 

It is Enrprising how maoy different modes there are io 
oBO among mankind for commoDicating ideaa and intelli- 
gence as substitutes for language. One very striking in- 
stance is that of the boatswain's pipe, on board ships at 
sea, which interested John very much on his voyage across, 
the Atlantic in the steamer. The boatswain, as perhaps 
the reader knows, is the officer on board a ship who b.aa 
charge of the soils and rigging; and as the winds and 
waves are often so hoieterons that no human voice could 
he heard at the distance at which commands often have to 
be given, the custom has grown up among all European 
nations of the boatswain's giving his direclioHB to the men 
by means of a peculiar kind of whistle, called the boat- 
swain's pipe, which makes a very shrill and piercing Bonnd^ 
not loud, but so penetrating that it can be beard in thO' 
stormiest times above, or, rather, through the Boand of tha- 
heaviest roaring and thnndering of the winds and wsve& 

John had been quite Eurprised during the voyage at tw< 



things in respect to the boatswain's pipe: first, at the dis- 
linctnviiu with which a sound go slendor ami thiii conld be 
be&rd atuidst the wildest comniolion of the elements, and 
also at the great variety of commands that tlie boatuwain 
could give with his pipe, by means of variationu and mod- 
ulations in the tone of it, which he made by the motion of 
hia baud over a little hole io a part of the pipe from which 
the air issued. The number and variety of the orders and 
directions that ho could give by this means constituted 
quit« a Unguagc 

Id the same way, when lie landed in England, John was 
much interested and amused in observing to how great an 
extent the Icnoclcers on the doors were used as a means of 
commanieating intelligence. Aeiugle blow with a knock- 
er is the rap of " tradespeople," as they call iheni — that is, 
porters bringuig parcels, or messengers from the butchers 
or grocers, or persona having any thing to sell. A doable 
rap is reserved exclusively for the postman. When that 
sound is beard every body in the house knows that the let- 
ters have come, and the person that attends the door must 
go at once, so as not to keep so important an official wait- 
ing. The two strokes generally come vci-y close together 
— rat-tat — as quick almost aa you conld possibly speak 
bboae two syllables ; but, however rapidly they are given, 
^■o long aa there are two, every body knows that it is the 
KKMtman. Then, if it is a gentleman or lady, whether be- 
Flongtng to the house or a visitor, there is quite a prolonged 
I lapping, the strokes being usually quite rapid at first, and 
fe aiore deliberate and emphatic at the end — mure or less so 
Kiooording to the rank and impoi-tance of the person knock- 
Wbtg, thus, Rat-ta^tat-a-ta^tat-tat, talf tatI 
K Now, in beating such a tattoo as this with the knocker 
^bf the door, no two persons, of couree, do it alike, and the 
HiDgth and complicateness of the series of strokes admits 
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of BO nmch variety in the knocks of different person 8, with- 
out the danger of any of them being confounded with the l 
tradesmen's or poKtman'e knock, that almost eveiy indi- 
vidual comes to liuve his own peculiar i-ap, and thns the 
knocker has a language, as it were, of its own, notifying 
those who are in the house of the rank and position of tha 
person at the door, and, in case it is any inmate of the fiim- 
ily, making it known at once who it is. 

And this is how it happened that Lawrence, on hearing 
the knocker sounded at the door while he was reading bia 
newspaper, said at once, " Here comes John," 

All this explanation, however, of the language of iha 
boatswain's whistle at sea, and of the knocker on the doora 
of English houses, is a digression, and it would be some' 
what irrelevant in a scientific treatise on light were it not 
that a language belonging to this same claes, and of substnn^ 
tially the same character in respect to its principlee, and o^ 
perhaps, about the same scope as to copiousness and ex- 
tent, has gradually grown up among the light-houses on 
sea-coasts, by means of which some simple but very im- 
portant information can be communicated to ships at aeft 
through variations in the light, as will hereafter be more 
particularly explained. 

John very soon came into the room, and as he entered 
the door he held up a small object between his thumb and 
finger. 

" See," said he. 

Lawrence looked up. John advanced towai-d him, hold- 
ing out what had much the appearance of a watch-spring 
coiled up, except that the color was of a bluish-gray. 

"What is it?" asked Lawrence. 

"Magnesium," replied John. " It is a yard long when it j 
is uncoiled. I bought it for sixpence." 

" That's cheap," said Lawrence. 
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"TcB," said Johu; "of course I mean an EngUsii six- 
[wnce. I saw it in a window, and I went in and bought 
e of it ; I am going to burn it, and make a bright light; 
tef conrse I am not going to burn it ail at once, here ; I am 
Only going to burn a small piece^half an inch long, per- 
haps, just for an expeiiment, and the rest I'm going to tate 
o America," 
Lawrence approved of tliia aiTangement, and it was 
;ed that they would try the experiment that evening 
after dinner. 

There was some question about llie fumes which might 
Itrisc, bat Lawrence said he thought that there would be 

fnmes, as the product of the combustion of magnosium 
■as simply magnesia, which was a hai-mlcEB white powder; 

1 other words, a finely comminuted solid. Fumes arose 
from combustion, ho said, only when the products, or some 
vf them, were gaseous, bo that they might rise and float in 
the air. 

It is true that sometimes, when the products of the com- 
bustion, or the Bubetancea set free by it are solid, they are 
■developed in the form of a powder so fine as to bo borne 
upward by the current of hot air, so as to produce the ap- 
pearance of fumes, and sometimes they mingle with true 
ftunes actually produced. This happens very strikingly in 
fthe case of the combustion of wood or coal, in whicli very 
fine particles of carbon, detached from the substance of the 
wood or coal, are carried up among the fumes of carbonic 
■acid gas and the vapor of water, which are really the pro- 
ducts of the combustion. 

Now combustion, as probably the r^adera of this book 
remember, is only the rapid combin'ation of a substance 
with the element called oxygen, which exists abundantly 
in the ur, and lias such an eager affinity for many other 
nbstanceB, especially wheu they arc heated up to a certain 
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^int, US to combine with them with great rapidity and 
violence. In doiog this they develop or espeud so mnch 

■ce as to produce a, great quantity of light and heat, 
which arc considered as only two of the many forms of 
To commence this process of rapid combination 
with oxygen, a portion of the substance must first be heat- 
ed to the requisite point; but, when it is once commenced, 
it goes on, the heat de^'elopcd by the combustion raising 
the successive portions to tho right temperature for con- 
tinuing the process. This heating a portion of the com- 
bustible in order to commence the process is what wo call 
kindling thejire. All this has already been explained, and 
must not he forgotten. 

Now, when substances are burned — that is, are delivered 
over to this eager and fierce seiznre of theb' particles by 
oxygen, the compounds that are produced are called the 
products of combustion, and these products, of course, vary 
very much according to the nature of the substances com- 
bined. Sometimes they are gases which rise into the air. 
Sometimes they are powdered solids. In the case of mag- 
nesium, the product is the well-known white powder mag- 
nesia, which is, in chemical language, the oxide of magne- 
sium, or, as it now is sometimes proposed to call it, magne- 
sium oxide. 

John knew all this, so that when Lawrence told him 
there would be no danger from fumes in burning his mag- 
nesium, he was ready to assent to it at once. 

"But, then," said Lawrence," there is sometimes aposu- 
bility that some fused portion of the substance to be btimed 
may fall down, and do harm in that way. This happens 
when the heat produced meUs the substance faster than 
there is oxygen at hand to combine with it. I do not know 
■tow this may be with magnesium, and so, in order to moke 
■ Bnr experiment perfectly safe, we will ask the landlady to 



lend ns an old kitchen plate, and bcrn our magnesium over 
that." 

This waa accordingly done. The landlady, when the 
table was cleared, brought in a plate. John broke off 
about an inch in length from the end of his little ribbon 
of magnesium, and for a handle be used a match, first 
breaking off the phosphoric end, and then making a little 
cleft with hia pocket knifo in the wood, by which means 
he formed a kind of extemporized forceps to hold the mag- 
nesiam. When all was ready, Lawrence lighted another 
match and set the end of the magnesium on fire, while 
John held it over the plate. It kindled with some difficul- 
ty, as if the end of the metal required to be raised to a 
great heat before the process of combining with the oxy- 
gcD of the air could begin ; but, when it was once begun, it 
went on with a very intense action, producing a light so 
vivid and dazzling that it was almost impossible to look 
at it 

The piece of magneainm which was burnt was very short, 
and it was, moreover, very naiTow and exceedingly thin, 
60 that it was soon expended. John uttered some excla- 
mations of delight while the burning was going on, and 

I when it went out he looked attentively at what was left. 

»It was a white substance of exactly the same form with 

I Ihe little ribbon of magnesium, but, on touching it, it ftll 

I to an impalpable powder, 

" What white ashes !" said John, 

"No," replied Lawrence, " that is not properly ashes at 
The ashes left in burning wood are not produced by 

Kthe combustion, but only left by it. Tlie substances which 
e produced by the combustion in the case of wood go off 

1 into the air as gases; tlie nsh is only the incombustible 
substance that is lefl behind. But the white powder in 
tliift case IB formed by the Combustion — that is, it is com- 

"■ ' L. 1L2 
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posed of the magneBium itself, combined 1^111 the oiy- 
gen." 

"Yes," said John, "I know. It is magncBia," 

"It is well enough to call it the ashes in common pa^ 
lance," continued Lawrence, "on account of its reGemblance 
to the ashes of wood or paper in its apparent origin and in 
its form, if we only know that it is formed, chemically, in 
quite a different way." 

To have been perfectly precise in his statement, Law- 
rence might have added that the ash lei^ in the bui-ning of 
wood is mostly composed of compounds of certaii] metals 
with oxygen, formed by some previous process analogous 
to combustion, and left in the ground, whence they were 
taken np by the rootlets of the plants, and bnilt, so to 
speak, into the wood. But the combustion, if it really was 
& process of combustion, by which they were originally 
produced, was not the burning of the wood, but took place 
long before. In the combuBtion of the wood they were 
simply passed over and left, whereas, in case of magnesium, 
the magnesia which results is produced at the time, and by 
the very process of the burning. 

"It did not drop upon the plate after all," said John, 
looking at the plate, wliich remained perfectly clean after 
the experiment. 

"No," replied Lawrence; "I was almost sure that it 
would not. I was very confident that the burning would 
keep well in advance of any tendency to melting ; but, in ■ 
trying philosophical experiments in a parlor, it is always 
best to take measures for guarding against even the most 
improbable contingencies." 
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CHAPTER XV. 

THE MAGNESIUM LAUF. 

The brightDeas of ihe light produced in any sense ty 
combustion seems to depend npon two tbings — first, the 
intensity of the heat developed by the combustion ; and, 
secondly, npon the presence o^ solid particles to be raised 
to what ia called a white heat by this intensity. Gaseous 
sabstances, though the heat may be very great, emit nsual- 
ly a comparatively faint light, aa is observed in the caae of 
the flame of hydrogen or of alcohol, which substances in 
combustion, though the heat produced is very great, give 
rise chiefly to incandescent ^aaes. But in the case of mag- 
nesium there ia not only a /ery intense heat, hut this heat 
takes eiTect upon the solid particles of magnesia as fast as 
they are produced, and causes them to emit a light of the 
greatest possible brilliancy. 

When any solid is heated in a furnace, we observe that 
it first begins to emit a reddish-colored light, or, as we say, 
it beconics red hot- When the heat is raised to a much 
higher degree, the light that radiates from it becomea 
brighter and whiter, and wo say it is tchite hot. Thia 
would seem to be the secret of the very intense light 
given out hy the combustion of magnesium. The com- 
bustion produces an extremely high degree of heat, and 
this takes effect on the solid particles of magnesia as fast 
aa they are produced, raises them to the most intense in- 
candescence, and causes thi^m to emit the very brilliant 
ud dazzling radiation which we see. 

TTiJfl while heat, moi-eover, ia not only diffeivnt in dogi-co 



from the red heat, but it BCems to be, iu some way, of a dif- 
ferent kind — at least it is found capable of producing dif- 
ferent effects, and it is in consequence of these peculiar ef- 
fects that the magnesium can be made very useful for cei-- 
tain philosophical purposes. One would suppose that it 
■would be very difficult to devise a lamp for burning a solid 
metal in the form of a ribbon of wii-e, or, indeed, in any 
other form, but the difficulty has been surmoitnted in va- 
rious ways. One of the modes by which this baa been a<p- 
complished is shown in the engraving. The instrument is 
called the magnesium lamp. 




The metal is used in the form of a wire, which is wound 
upon the wheel A, which wheel thus takes the place of the 
reservoir containing the oil in a common lamp. The wire 

drawn off from the wheel slowly by clock-work contmned 
In the box B; within the box it passes between two wheels 



jastde of gutta-percha, or fitted with gutta-pei-eha Burfaces, 
which substance holds it with a sufficientiy firm grasp to 
draw it forward between them as the wheels revolve. G 
ie the key by which the clock-work is wound up when it 
runs down, and at T is the tongue of a little catch by 
means of which the clock-work may be Bet going or 
stopped at pleasure. The wire of magsesiuni ie burned 
at the end C, which protrudes in front of the concave mir- 
ror, being pushed forward by the clock-work as fast as it 
bums, while the magnesia that results from tho combus- 
tion fails down into the pan E below. F is a thumb-screw 
connected with rack -work, by which the mirror can bo 
moved backward or forwai-d as required. The whole can 
be taken u|} by the handle, which sei'ves, when tho lamp is 
stationary, as one of the legs. 

The magnesium light is used chiefiy as a substitute for 
the light of the sun iu photography, especially in cases 
where the light of the sun is not at command, as, for in- 
stance, in caverns, aud mines, aud otlier dark places. Its 
intensity, aud certain chemical properties which result 
from, or, at least, accompany this intensity, fit it to answer 
these purposes extremely well. 

It has been used in this way very successfully in photo- 
graphing interior views of the great pyramid in Egypt, and 
in many other similar cases, where none but artificial light 
could possibly bo obtained. It is also sometimes used for 
engineering and military purposes, such as for illuminating 
"works of construction when it becomes necessary to carry 

tm on at night, and also for showing the position and 
vements of the enemy in case of nocturnal operations in 

r. Wlieu, for example, the garrison of a besieged city 
to make a sortie at night, if they can send olf in ad- 
'auce, or at a little distance from them on one side, an in- 
briUiant light, their enterprise la greatly aided, and 



that ill two ways. The light, while tbey themselves re- 
main behind il in the shade, shows them the enemy and 
the defenses, if there are any, which they are to attack, 
very clearly, and at the same time dazzles the eyes of the 
enemy, bewilders their vision, and confuses their aim. 

In order fully to nnderataml what is to follow, the reader 
must not lose sight of the principle on which the magne- 
sinni light is produced — namely, by the intense avidity 
with which the oxygen of the air seeks to enter into re- 
combination with the magnesium, from which it was sep- 
arated by the use of great foi-ce when the metal was pre- 
pared, and the consequent heat, which raises the solid par- 
ticles of magnesia to a dazzling incandescence as fast as 
they are formed. Magnesium is never found in its metal- 
lic form in nature. It is always found already in combina- 
tion with oxygen, either in magnesia, which is the simple 
oxyde, or in aorao otJier form or combination in which it is 
already oxydated ; and the oxygen with which it is com- 
bined clings to it with such tenacity that it requires a very 
great chemical force to separate it, so as to produce the 
metal in a pure and isolated state. 

I mean by a great chemical force a force which, though 
really very great, is exercised within such extremely small 
limits in respect to distance as to be entirely unapprecia- 
ble by the senses. We have an example of a force in some 
respects analogous to this in the freezing of water, by 
which the particles are forced apart only to an inconceiv- 
ably minute distance from each other, but yet with so much 
force as to lift and displace the heaviest walls if they rest 
upon ground that the frost can reach, or to break asunder 
the strongest vessels when the freezing water is confined 
, in them; and so, also, with the force with which the joicea 
re drawn up in the vessels of plants and trees in the pro- 
B of vegetation. This force, though inappreciable to our 



eeiises, is sufficient to move the heavieat stones, to lift and 
tear np jiavements, and to push up and sustain the materi- 
als of which the branches and leaves of the tree are com- 
posed, hundreds of feet into the air. 

It is by a force somewhat analogous to these in respect to 
the minnteness of the limits through which it operates, and 
the vastness of the power which it exerts within those lim- 
its, that the particles of the metalhc magnesium are held 
in combination with those of oxygen in all the Bubstances 
in which it is found in a state of nature. And so firmly 
it held by thia force, that, though innumerable experiments 
were made with the substances in which it was combined, 
it was a very long time before the existence of the hidden 
metal in these substances was discovered. The discos 
was at length made in 1827. Small portions were separa- 
ted, and the metal, as a, metal, brought to view ; but it was 
not until quite recently that methods were devised by 
which any great quantities could be produced. 

Of course, in these attempts, the substance ofthemagne- 
sinm could be brought into its metallic form only by sep- 
arating the oxygen fi-om it, and this could be done only by 
applying a greater force to the oxygen than that by which 
it was united with the magnesium. This force was, as has 
already been said, very great. Indeed, the eageinees with 
which it returns to the combination, and which is the cause 
of the groat development of heat and light, is the measure 
of this force. Thus the chemist, in separating the magne- 
sium from its oxygen in its natural combinations, forces 
the substances apart for the sake of witnessing the eSect« 
produced by the violence with which they come together 
again. The operation ia very analogous to that of lifling 
a stone high iulo the air in order to observe the force of 
the concussion with which it strikes the ground in falling. 
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CHAPTER XVI. 

IXCANDE8CENCE. 



Thekk arc various methods by which an intense white 
light is produced by artificial means, but most of them, if 
not all, depend on the same principle as that already ex- 
plained in the case of the magnesium light — that is, in raia- 
^g particles of a solid substance to incandesceuce. The 
two essentiala are, first, some method of producing an in- 
lenae heat ; and, secondly, the presence of some solid aub- 
Itance to receive llie heat and to emit the light developed 
by it; for light, for some mysterious reason, is emitted 
much more powerfully from a solid substance, however 
aiuutcly subdivided, than from a gaa. 

The same general principle, indeed, is seen to operate in 
the case of light derived from the lower, as well as in that 
from the higher temperatures produced by combustion. 
Thh is shown quite clearly in the flame of a common lamp 
' candle. 

The materials used for burning in lamps and candles, as 
,the reader will recollect, usually belong to a class of snb- 
nances called hydrocarbons. They are bo called because 
they are chiefly composed of hydrogen and carbon. Their 
Iwming is, of course, the combination of these substances 
nth the oxygen of the surrounding atmosphei'e. 

Now hydrogen, in combining with oxygen, produces, un- 
ler favorable circumstances, a very intense heat, and forms 
ty the combination the vapor of water. This vapor rises 
rom the Bame and is diffused through the atmosphere. 
Ne do not see it as it arises, but we can show it very plain- 




ty by holding a cold iron over the Hame, nt a. little distance 
above it, when we ehall find it will be almost immediately 
covered by a dew formed by the condenBation of the vapor 
into a film of exceedingly minute drops of liquid water. 

And BO, when you light a lamp in cold weather, the glass 
chimney, if put on cold, becomes for a moment bedimraed 
with a dew produced by the condensation of the aqueous 
vapor formed by the combustion of the hydrogen. As 
BOon as the glass becomes warm the vapor is no longer 
condensed, though it continues to be formed as before. 

This phenomenon may be shown 
in a still more perfect manner by 
burning a candle for a few minutes 
under a cold bell glass, and observ- 
the deposition of the water on 
the interior of the glass, which will 
E sometimes be so abundant as to 
cause drops to tnckle down the 

iv.iTitit rauu HUB. si(le& 

This experiment of condensing water from the products 
of flame, which any one can easily perform, will succeed 
1>etter if the iron, or other condensing substance, has some 
thickness, so as not to become warmed itself too soon, and 
'BO cease to condense the vapor ; and if it has also a polished 
surface, as such a surface, by its brightness being dimmed, 
will show tlie presence of very small quantities of vapor. 

Sometimes children, when they are writing a letter, and 
ire in baste for the writing to dry, hold it at a distance 
over the flame of a lamp, not knowing that the hydrogen, 
which forros a large part of the oil, produces water by its 
eombinalion with oxygen in the burning, and that this 
water, in the form of vapor, rises directly to the place 
vhere they are holding their writing to dryl In other 
Worda, they hold their paper in a very damp, though in a 
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very hot place, as is shown at once by holding there a cold 
chisel, or hatchet, or large carving-knife, or any other piece 
of polished and cold iron. 

The other substance contained in the hydrocarbon burned 
in the lan:p or candle is carbon. This, so far as It is really 
burned — that is, so far as it finds oxygen to unite with it, 
forms a suffocating gas, called carbonic acid gas, which it 
is very injurious to breathe. This gas rises with the vapor 
of water into the air, and is diffused in the upper part of 
the room till it gets cold, when it descends and gradually 
escapes through open doors, or windows, or up the chim- 
ney. If there is no way of escape for it open, or if there 
are many lamps, or candles, or gas jets burning in the room, 
the air becomes gradually so charged with it aa to be un* 
comfortable and unhealthy to breathe. 

But all the carbon does not at once find oxygen enougli 
at hand to combine with it. A portion of it remains for a, 
moment in the flame, wliere it serves the purpose of fur- 
nishing a supply of solid particles to emit light. They can 
not all bum at once, because there is not oxygen enough 
for all ; so that, while some are burning, and evolving great 
heat in so doing, the others, while waiting their turn to be 
supplied with oxygen, as if not willing to be idle and use- 
less even for a moment, employ themselves in producing 
and emitting light, which the heat that is supplied to them 
empowera them to do. At length, however, when they 
reach the upper and outer margin of the flame, they too 
obtain their supply of oxygen from the air, and, combining 
with it, giie ont moie heat, and also form more carbonic 
acid gas, which arises with the i-est into the air. 

Thus, on their way through the flame, after being liber- 
ated from their previous combination with hydrogen in the 
hydrocarbon, and before their turn comes to be supplied 
-with oxygen to enable them to form a new combination. 
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they serve as solid particles, to emit liglit by their incan- 
deauence. 

It is from these solid particles — individually solid, though 
inconceivably minute^that the chief portion of the light 
of such a flame cornea. The combustion of the hydrogen 
alone, or of any other gaseous substance, though it would 
produce great heat, would afford very little light. For 
some myBterious reason, it is necessary that there should 
be solid particles present to transfonn, as it were, a portion 
of the heat iuto light, aud emit it in that form. 

These solid particles of carbon in the flame are not di- 
rectly visible, but, as in the case of vapor of water, we can 
easily, by the use of proper means, bring them into view. 
If, instead of holding the eold iron in the air above the 
flame, we hold it, or any other solid snbEtance, actually in 
the dame, the black particles are suddenly cooled by it, and 
deposited upon its surface aa soot is upon the back of the 
tdiimney. This black substance, on account of its being 
produced in this way, is called lamp-black. 

The process which thus takes place in the burning of 
II candle is quite a complicated, and a very cuiions one, 
and if, in watching it, our powers of vision were sufficiently 
ncute to enable ua to distinguish the several steps, we 
should be greatly interested in observing it. In the first 
place, we should distinguish in the oil, slowly coming up 
the wick, particles of carbon and hydrogen conjoined. We 
must not, however, conceive of the particles of carbon as 
black ; they are black when separated from their combina- 
tions and existing in a certain form by themselves, but 
ihey may be of any other color. Color, as will he ex- 
; plained more fully in a future chapter, depends altogether 
I npon the manner in which any substance absorbs or re- 
flMta the light, and this does not depend upon its intrinsic 
' ebaracter at all, but apparently upon the mecbanieal nr- 
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mngement of its particles. Thus sugar, wbich is white in 
the lump, when dissolved in M-ater and diffused through it, 
loses its whiteness entirely and has no color at all- 

The particles of carbon which, combined with the hydro- 
gen, form the oil, have only the color of the oil while in 
this combination. When they come up to the flame, the 
action of the beat, in some mysterious way not at all nn- 
derstood,has the effect of developing in them a strong ten- 
dency to separate from each other, and to enter severally 
into combination with the oxygen of the air which is near. 
In combining with the oxygen, we should see them seize 
it with great avidity and violence, and the force which 
they thus expend wo should see taking the form of heat, 
which would act upon the next portion of oil which came 
up, and pi'oduce the same effect upon tlie carbon and hy- 
drogen in that; and thus the process would go on. 

The hydrogen which was thus separated from the oil, 
we should see, would seize upon the oxygen with the great- 
eat avidity, and procure the largest share, or, at least, tbe 
earliest. The carbon particles would have to wait, it would 
seem, for their supply until the hydrogen was satisfied. 
The consequence of this is, as we should see, that while the 
hydrogen combines at once with the portion which it re- 
quires, thua becoming transformed into the vapor of water, 
the carbon particles, or, at least, a very large portion of 
them, pass up through the flame intensely heated, and, by 
the superior power of a solid to radiate light, become the 
eource of nearly all the light which the flame affords. 

All this we should see if we had senses acute enough to 
perceive what really takes place in the burning of a lamp 
or candle. 

The particles of carbon which pass up thus through the 
flame, though while bo hot they emit the yellow color of 
the flame, in other words, are themselves of a yellow color; 
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become intensely black if they are interrnpted on the way, 
and suddenly cooled befoi^e they find oxygen to corabir 
themselves with. They are, moreover, ao inconceivably 
minate, that when assembled together they form an impat- 
pablo powder, far softer and finer in the miimteness of the 
division than it would be poeaible to make maeees of car- 
bon by any artificial process of pulverization. This mode, 
accordingly, of procuring a black powder for paint, and for 
painter's work, ia practically employed to a great extent. 
Til© engraving shows how lamp-black ia manufactured on 
a large scale. 

The fire ia made in the little grate at a; it is made of 
pitch, or tar, or some other hydixi- 
carboii containing a large propor- 
tion of carbon. The substaneo is 
heated by a fire below it, and then 
ia set on fire above, and is furnished 
with a limited supply of oxygen 
through small holes made for the 
purpose. Inconsequence of this lim- 
ited supply of oxygen, the combus- 
tion is impeifect, and ft largo por- 
nuii-fim-tKBi)i'i,iiir-ni..cn. j^j^i^ ^f ^jjg carbon .escapes in the 
form of a dense black smoke into the chamber b e, whei-e it 
attaches itself to the walls, and also to the sides of tlifl 
cone d, which is placed there to receive it, and can be 
rained or lowered at i)lcnsiire by the cord and pulley. 
When a snffieicnt quantity of the deposit has accumulated, 
it is removed from the walls and the conu, and packed in 
[lapcrs for transportation and sale. 

This being the philosophy of the light produced by a 
flame of a lamp— that is, by the incaudescence of solid 
parts heated by the combustion and floating up through 
it — it is plain that the way to increase the light is to iii- 
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crease the rapidity of the comBtistion, bo as to increase the 
heat and raise the aoHd particles to a higher degree of in- 
candescence. And to increase the combustion, the proper 
means is to increase the supply of oxygen. The most ob- 
vious way of doing this is to facilitate the access of air, 
since air affords the most abundant natural supply of oxy- 
gen that we have at command. 

It was this idea which Argand carried into practical ef- 
fect in his celebrated burner, by which he supplied a cur- 
rent of air on the inside as well as the outside of the flame, 
and also at the same time increased the i-apidity of the sup- 
ply by creating a draft by means of a transparent chimney, 
as has already been fully explained. 

The same effect in principle is produced in a common 
form of burner for gas, called the " bat's wing." This con- 




sists in so forming the opening for the issue of the gas as 
to throw the flame into a broad, flat form, so as to give the 
lir access to a very enlarged surface of it. 
This method, like that of Ar;;aud, as wt'll as a great 
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many other contrivances which act on the same principle, 
consists obviously in increasing the supply of oxygen by 
facilitating the access of common air to the combustible 
substances in the flame. But common air contains but a 
small portion of oxygen — one fifth only of its volume ; the 
remainder consists of other gases, which not only render 
no aid to the combustion, but positively impede it by oc- 
cupying the space and keeping back the oxygen from ap- 
proach. The remedy for this difficulty would obviously 
be supplying the flame with pure oxygen instead of a mix- 
ture containing four fifths of useless matter. This is done 
in an arrangement which has been quite celebrated, and 
which is known as the Bude Light. This light will, how- 
ever, be more particularly referred to in the next chapter. 
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CHAPTER X^ 

FOLKESTONE. 

When tlio time arrived foi- crossing the Channel into 
France, Lawrence said to John, on the morning of the day 
before, that he bad a bargain to propose to him. 

" Good !" aaid John ; " I agree to it beforehand," 

" You know," continued Lawrence, " that there are four 
or five different routes of travel from London to Parisj 
crossing the Channel at different points. Now the bargain 
which I have to propose is, tliat you shall cliooae the route 
for us to take, without my having any thing to say about 
it, on two conditions." 

"Vei-y well," said John; "let ns hear the comlitiona." 

"The first is," said Lawrence, " that you are not to de- 
cide blindly. You are to 'study np' the Bubject, aa they 
Bay in the guide-books, and find out what are the relative 
advantages and disadvantages of the different routes." 

" I agree to that," said John. 

"And the second is," continued Lawrence, "that you are 
to take the whole cliarge of both of ns on tlie passage. I 
am to have nothing to do but to be quiet and do as yon 
Bay." 

"And how about the money?" asked John. 

"Of course," said Lawrence, "I am to put yoii in funds 
before you set out." 

John was much pleased with this proposition, and was 
ready to agree to it at once. Afler a very careful and 
thorough research in the guide-books, he decided upon the 
route through Folkestone and Boulogne. 



"What eort of a place?" asked John. 

" The reading-i'ooin at the hotel near the pier," said Law- 
zcnce. "There is a charming reading-room there, with a 
very large round table in the centre covered with maga- 
, sines aud pictorial papers, and pretty desks and comfoita- 
tble arm-chaira at the windows all around the room. There 
,18 also quite a large library of hooks, in a handsome case, 
.0)1 oue side." 

" Thai will bo just the place for me to study my other 
ilwo hours," said John, 

This reading-room, which is really a very attractive 
room — more so than any other room of the kind that I 
have seen in any hotel in England — is a very appropriate 
rand desirable part of the accommodations of a hotel ab a 
flea-port, where people are liable to bo weather-bound, so 
as to have to spend some hours, and perhaps days, in wait- 
ing for a storm to abate or for a heavy sea to go down. 

Lawrence and John arrived at Folkestone about morn- 
ing. The town is situated in a kind of dell, opening be- 
tween the cliffs of the coast. This dell was probably 
formed in the course of ages by a stream of water, the 
mouth of which has been deepened and enlarged in mod- 
eni times, and inclosed in long piers extending out from 
the land so as to make a harbor. Near the pier on one 
side is S level plateau, which is laid out in ornamental 
grounds, in the centre of which stands the hotel, which is 
called the Pavilion, and which is arranged specially for tlie 
accommodation of the travelers departing or arriving by 
;Uie steamers. 

The first thing that John did on his arrival, after giving 
the porter instructions about the baggage, or the luggage, 
■aa they always call it in England, was to walk a little 
aibout the bouse and grounds to gratify liis curiosity by ex- 
iKniniDg the locality. The main building of the hotel U 



in the centre, and is used for sit ting-room b and bedrooms, 
with an oiEce for the reception of guests at tho fartlicr end 
of it. The piincipal i-estauraiil ia in another building facing 
this ; the entrance to this restaurant ia under a piazza. In 
the end of this same building, toward the nght, ia sitnated 
the reading-rootii which Lawrence had described, aiid oa 
the left is the i-egular dining-room. The pier and dock, 
where the ateam-boats lie, is upou the other side of the 
Street fivani the hotel. 

John explored all these precincts with much ijiterest and 
attention. Among other things, he saw a placard put up 
signifying that there was a public dinner given every day, 
or, as they fall it, a table d'hote, toward the latter part of 
the afternoon, whei-e those of the guests of the hotel who 
liked to do so could diue together. There was also the 
restaurant, where those wlio chose could dine at small ta- 
bles by themselves at any hour of the day. 

John went to report these facts to T^awronce, whom he 
had left in the reading-room, where ho was engaged at one 
of the desks near a window making some memoranda in 
his journal. But he found that there were a number of la- 
dies and gentlemen engaged in reading and writing in dif- 
ferent parts of the room, and lie perceived at onco that con- 
versation, except in the lowest whisper, would be improper 
in Bnch a place; so he amused himself in looking at somu 
of the pictorial papere on the table until Lawi-ence had fin- 
ished his work, and then they went out together. 

John first conducted Lawrence to the placai-d which con- 
tained the notice about the dinner, and asked him what he 
should do. 

" Shall we dine at the pnblic table," ho asked, " or have 
a dinner by ourselves?" 

"That is for you to say," replied Lawrence; "I have 
nothing to do with it. You are taking me from London 



to Paris, and all the arrangements of the joumey are uk- 
der your direction." 

" Then," said John, " I shall decide to have dinner at tlio 
mblic table, so that I can see the people." 
"All right," said Lawrence. 
"Only," continued John, "I do not know whether I can 

3 long. The dinner is not till six o'clock." 
"That's bad," said Lawrence. 

" Let's have something for luncheon !" exclaimed John, 

his countenance suddenly brightening np as if a sudden 

Hi o Fight had struck him. 

"1 think that is what Jshould do," said Lawrence, speak- 

J in a somewhat indifferent tone, as if the affair was no 

ti of liis. "I think, if /had charge of persons on the 

passage from London to Paris, I should not expect to let 

them go from nine o'clock till six without giving them 

Bometbing to cat." 

L " We'll have a nice luncheon," said John, speaking in au 

BeznUing tone. "We will have it in au hour from this 

^^me. I am going to study my second hour now, at once, 

Hbeforo I go out to see any thing ; then wo will have lunch- 

noo, and after that I am going out to take a walk and see 

Kbe town ; then, after dinner, I- shall have time for another 

■kalf hour of study — from half past seven to eight ; and if 

Broil will give mo a lecture of half an hour on board the 

Btesmer while wo arc going across, I shall be all right," 

H Lawrence seemed to approve of this plan — at least so 

Bohn thought, and it was accordingly adopted. John went 

Kito the reading-room and established himself at the pleas- 

BtDtest looking desk which he saw unoccupied, and prose- 

hoted bis work diligently for an hour, while Lawrence sat 

Hd li very comfortable arm-chair near the great table, and 

MecaiDU apparently much interested in reading some of the 

Hfeviews. At the end of the hour they went together into 



the restaurant, where they had an excellent luncheon. Aft- 
er the luucheon they set out for a walk. John was full of 
curiosity to see the pier and the harbor, and also the town 
and its environs, and the pleasure which he enjoyed in the 
excursion was greatly heightened by the thought that so 
large a portion of Lis work was done. 

" I thought at first," said he, " that I would go and take 
the walk first, and afterward have my hour's study ; but I 
concluded that I should enjoy the walk more to have my 
second hour of study off my mind." 

"That is very good philosophy,! think," said Lawrence. 

" I think it was a good plan," replied John, " but I don't 
see much philosophy in it." 

" The philosophy is this," replied Lawrence, " that if yon 
take your study hour first, you have only the work itself 
to do, and the enjoyment of the ramble afterward ia with- 
out alloy ; whereas if you postpone it, you have the work 
to do in the end just the same, and the irksoraeneas of 
thinking of it and dreading it all the time that you aro 
taking your walk, in addition. Thus you have a double 
burden in the latter case, and only a single one in the 
former. So you see there is sound philosophy in keeping 
well ahead with your work. Duty first, and pleasure aft- 
erward, is an excellent rule in respect to the philosophy of 
it, as well as on other accounts." 

The two boys, or the two young men, whichever you 
think is the moat appropriate mode of designating them, 
enjoyed their walk very highly. They went first out to 
the pier which formed the inclosure of the harbor on the 
side toward the hotel. They saw a great number of steam- 
ers and of sailing vessels lying in the harbor, most of them 
aground in the mud, for it was at this time low tide. At 
the outer portion of the pier was a pretty esplanade, with 
seats at various places, and a light-house near the end. 



S^erc was a great drawbridge over one of the oponingB 
juto the liarbor, made for the passage of railway ti'ain!^ to 
I great Btation on the pier opposite the steamer landing. 
.^iler examining all these things our travelers went into 
the town, and thence up a long ascending road — with 
flights of stone steps branching oS fi'oni it here and there 
—which led up to the cliffs on one side, where they found 
long rows of handsome houses, the summer residenceB of 
fiishionable people from London. Tliei-e were lawns and 
Other ornamental grounds in front of these houses, between 
them and the road; and between the road and the margin 

r the clifT was an open space, serving as a promenade. 
3^ere were seats here and there, with children playing 
Htonnd them, while those who had charge of the children 
irere eitting upon the seats, sewing or knitting. In other 
l-laoes ladies and gentlemen were walking to and fro, on- 
joying the magnificent prospect which was spread before 
Ibem over the sea. 

This handsome esplanade, with the sea on one side far 
below, and long rows of elegant houses on the other, ex- 
tended a long distance — a mile or more — along the cliffs. 

I one place John went near enough to the brink of the 
riiffs to look over. He saw, at a great distance below, a 
road running along close to the margin of the water, with 
people walking upon it, and here and there a cart going 
ploog. The road looked very narrow, and the men and the 
earts very small. 

f After continuing their walk until their curiosity in re- 
elect to this place was fully satisfied, Lawrence and John 
retamed to the town in the valley by another way, on the 
frrther side of the range of houses facing the sea. 

They reached the hotel an hour before time for dinner, 
to they took another walk around the harbor, examining 
llie structure of the piers, and looking at the dilfei 



Bteamcrs and vessels. The tide was coming in, auil Borne 
of tbe smaller vessels were afloat. They found the steamer 
there in which they were to go that evening. They knew 
it by the smoke whiuh was issuing from the chimney, which 
showed thoy were "firing lap" on board, so as to have the 
steam ready when the hour should airive. They went on 
board this stpamer, descending by a long and steep gang- 
plank, and John chose the place where he said that be aud 
Lawrence wontd sit during the passage. 

When the lime arrived for dinner, they went to tlie ho- 
tel, which was very near, and after dinuer John went into 
the reading-room, and spent lialf an hour at his studies. 
Tills left him half an hour more of work to complete hta 
task for the day, and this he was going to take, as has al- 
ready been stated, in tbe form of a conversational lecture 
on the passage. 

Clouds had begun to gather in the sky before Lawrence 
and John went in to dinner, and when John bad finished 
his study he fonnd that the sky was entirely overcast, and 
that it was beginning to rain. 

"Lawrence," said John, after going to the door and look- 
ing out, "it is beginning to rain. There's a storm coming 

" Yes," said Lawrence, " so I see." 

"And what shall we do about going?" 

"Do just what you think best," said Lawrence; "you 
are in command," 

" But I can ask advice, I suppose," said John. " What 
would you advise me to do ?" 

"Well," said Ijawrence, "it is just as you please; but if 
yon ask my advice, I should not advise you to go unless 
the boat goes." 

"Nonsense, Lawrence!" said John. "Of course we i 
not possibly go unless tbe boat goes." 
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^Not very well," said Lawienoe. ''Yoii might,! sop- 
pose, hire a sail-boat." 

Lawrence said this with a perfectly grave &ce^ as if 
]ic thought that the idea of charteriug a small sloop or 
schooner for crossing the Channel by themselves, on a 
night and in a storm in which the officers of a steamer 
thought it not safe to go out, was one to be seriously en- 
tertained. 

" No ; but seriously," said John, " what would you really 
do if you were I ?" 

"I donH know what I should do if I were you," said 
Lawrence, ^ but in such cases — unless I have ladies under 
my charge — my rule is, if the boat goes, I go, and not 
without." 

" Then TU go," said John. 

Accordingly, about half past nine, John conducted Law- 
rence on board in the rain. 

G2 
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CHAPTER XVIII. 



mm upon 



It was cl^ivk od the pier, except so far as the lamps upon 
tliu lamp-poflts enlightened the eecne. Tlicre were very few 
passengerB, for travelei-s crosBing the Channel on tours of 
pleasure — which class of persons generally constitute the 
majority on boaril these steamei's — usually avoid clioosing 
their time for ci-ossing when the tide serves at night, and 
some OD this occasion, who had intended to go, were de- 
terred by the prospect of a dark and rainy passage, and 
concladed to remain quietly in the comfortable hotel till 
the nest day. 

It was wet upon deck, and so Lawrence and John went 
below. There they fouud a small cabin, with tables in the 
middle of it, and seats along the sides. ITiey chose a place 
in a enng comer, where they sat for a while amusing them- 
selves with watching the coming and going of the people. 
One man came in seeming very much oat of hnmor, and i 
uttering very impatient expressions abont the weather; 
and then, after pntting down his valise and his parcels, 
and looking about with an angry air, he stalked out again. , 

"He is grnmbling about the weather," said John. 

"Yes," said Lawrence; "he does not seem to be aware 
that complaining of the weather is complaining of the prov- 
idence of God." 

" I don't think that the weather is more the providence 
of God than any thing else," said John. "It is all accord- 
ing to the laws of nature." 

John had read this in aome book, and it is no doubt 
[ correct. 
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" True," replied Lawrence. "The weather is no more 
controlled by the proviOcDce of God than every thing 
else ; and 80, when n man giTtmbles and complains about 
anj/ iking that h*e can not help, he is repining against the 
providence of Gtod, and he punishes himself in doing it," 

"How so?" asked John. 

" He makes himself uocomfoi-tablo in getting angry, and 
does not help the trouble by it." 

"But sometimes lie can help it," replied John. 

" I sdd things that he could not help," rejoined Law- 
rence. " If there is any thing that lie can help, he ought 
to help it." 

Just then the engine began to move, and John said the 
steamer was going to start, and that he must go np on deck 
to see her eail out of the harbor. In abont ten minutes ho 
came back. 

"It docs not rain any more," he said, "but it is very wet 
OD deck, and the light-house bchiud us on the pier looks 
very brilliant. I'm glad we came." 

"It is generally best to go if the boat goes," said Law- 
rence; "that ia, if you are a man." 

"I'm not a man," said John, 

" Or if you are old enough to have much manliness 
about yon," added Lawrence. 

'Tm going up again," said John, after a moment's pause. 

So he left Lawrence, who was at this time sitting quietly 
at a table reading. lie was gone about fifteen minutes, 
and when he came back he said that the light-house on the 
French coast was in view. " It looks like a faint star," he 
said,"low in the horizon," 

"Then the clouds must have lifted, and the air must 
have become quite clear below," replied Lawrence, "for 
very rare drops of rain, or even a very little dimness, ei- 
tending for twenty miles, would entirely intercept the 
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light. Each drop or each vesicle would intercept and ab- 
Eorb a part, and, in encounteriog the immense namber tltat 
woald be contained iti a space of twenty miles, tbc whole 
would be expended." 

Lawrence then said that be had a plan to propose about 
John's studies for the next day. 

"To-morrow will be rather a hard day for you," he said, 
" in respect to your three houi-s' study. You will be np 
late to-night, and bo will not be much inclined to rise early 
ill the morning. Then we are going to Paris to-morrow, 
and the journey by rail will take up a large pait of the 
day. Finally, the excitement of arriviug in Paris, and get- 
ting established in a new and strange hotel, will make it 
hard for you to sit down to study then." 

"Bnt I meau to do it, neveilhcleBs," said John. 

"You can give it up for to-morrow, yoii know, if you 
please," continued Lawrence ; " there is no penalty — only 
you lose a little credit." 

" Tliat is just wliat I don't wish to do," said John. 

" Or you can take it for one of your days of faiinro," 
added Lawrence. " You are entitled to one day in each 
fortnight." 

"No," said John; "I am not going to have any days 
of failure, if I can possibly help it. I have not had any 
yet." 

" Then I'll tell you what I propose," said Lawrence. " I 
will give you a lecture on the philosophy of bright lights 
now, while "we are making the passage; then you can 
write an abstract or recapitulation of it when we get on 
(ilinre. Time passes quicker when we are writing than in 
any other kind of study. My giving you a lecture of half 
an hour will finish your study for to-day ; then, if you 
cbooae, after we reach Boulogne, you can begin to write 
recapitulation and do half an hour of to-niorrow'fl 
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Study to-night; then you can do another half liotir's to- 
morrow morniiig after breakfaBt, before we set out for 
Paris ; then one hour of study on the journey, and another 
of writing, perhaps, after you get to Paris, will tnake up 
your time." 

John agi'eed to this proposal, and then they both went 
to a corner of tho cabin, wl it; ro they could sit together and 
talk by thonificlvce, and Lawreiieo commenced his lecture 
at once. 

"Thu first thing that you are to put down in your reca- 
pitulation," said I,awrencc, " h that the general principle 
On which bright artificial lights are produced is by raising 
solid substances of some kind to an intense degree of in- 
candescence by means of extreme heat. The heat is gen- 
erally jiroduced by combustion, though not always si>. 
But, howevei" the hoat may bo produced, it ia alwaj'S by its 
ed'oct on the particles of a solid substance in oausiug them 
to emit a very vivid light that almost all bright ligh Is are 
made. 

"Tlicn,tbe second thing that you must say," continued 
Lawrence, " is that, in order to pi-oduce the required uiteii- 
Blty of heat by ordinary combustion, the thing to be done 
is to increase the (supply of oxygen. This is effected, as 
ryou know, in the case of the Argand burner, by milking 
the wick circular, and bringing a cuneut of air up on the 
(inMde of it, and also increasing the strength of the current 
©n the outside by means of a glass chimney. 

"So, after stating the two principles, namely, first, that 
the light is produced by making solid particles intensely 
incaDdescent by means of extreme heat, and, secondly, that, 
when this lieat is to bo produced by combustion, it is done 
by increasing in some way the supply of oxygen, then you 
tan enumerate the five principal modes of producing bright 
iHglit, nnd make them niihi.ivliiiaie heads in your article. 
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Bsd proceed to explain them in order, as I will now go o 
to explain tliem to you, 

"ThG five principal kinds of bright light prodneed t 
aitificial means are, 

" 1. The Argantl burner. 

"2. TheBudeLight. 

" 3. The Oxyhydrogen Light. 

" 4, The MagiieBiuni Light, 

" 5. The Electric Light. 

"1. The Akoand BuitNEs. This I have alfesdjr < 
plained "continued Lawrence. "The soliil made Inminov 
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particles of carbon, heatod by the com- 
hydi-ogen from the oil, and increased ii 
inteoeity by currents of air both on the inside and outside 
of tlie flame, 

(" 2. TBoTfetroK Light is the same, except that, instead 
of currents of air, currenta of pure oxygtn are made to flow 
in contact with the flame. Air contains only about one 
liilh of its bulk of oxygen; the rest is nitrogen, which, for 
I the purposes of combustion, is only in the way. The ra- 
pidity and intensity of the eonibuetion is greatly increased 
by supplying pwT^ oxygen to the fire. In the burning of 
Hnsgnesium, it is found, by careful comparison, that tho in- 
Bensity of the light is doubled when it ia supplied with 
Ijptire oxygen. In the same way, the light in the Argand 
jlramer ia vastly increased when pure oxygen is supplied 
I to it instead of common air. 

I "The Bude light has been used a great deal, sometimes 
vtor light-houses, and sometimes for other purposes; but 
Inhere was found to bo this inconvenience abont it, that it 
|Tequired the apparatus for producing the oxygen always 
+ « hand; and the process required a good deal of atten- 
Ition, and iovolved some increased expense. 

3. Tub OxrnYDROGEN Light. In the case of the Ar- 
^nd and Bude lights, the solid substance rendered incan- 
'descent is composed of particles of carbon, which are fur- 
nished, together with the hydrogen for producing the heat, 
by the oil or other hydrocarbon that ia burned. But in 
"the oxybydrogen light, the hydrogen, as well as the oxy- 
i^n, is furnished pure, and the heat which is produced by 
their combastion is directed against the point of a cone 
Tonned of lime, or some other substance capable of sustMn- 
ig Buch a heat without melting or burning, and this lime 
the Bolid fiubetance which becomes incandescent J 
ilB tJie light." 
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" The heat produced by the buniiug in this case — that is, 
the chemical uoion ofpiii'e hydi'ogQn and oxygen, is incon- 
ceivably intense. There is scarcely any Buhstance bo re- 
fractory as to endure it. Any substance, however, that can 
sustaiu it, ia raised to Buch an intense incandescence by the 
heat that it emits a light of the moat wonderful power. It 
has been seen, it ia said, at the distance of more than ono 
hundred miles in the daytime. 

" The light produced thus by an oxyhydrogen flame pro- 
jected upon lime ia sometimes called, Irom the source of 
it, the oxyhydrogen light, and sometimes the lime or cal- 
dtan light, and aometimes the Drummond light, from the 
name of the man who firat discovered it, or, at least, who 
first introduced it. 

" There is one curious circumstance in connection with 
this subject," continued Lawrence, " which you can men- 
tion in yoar recapitulation or not, just as you think besl, 
after you learn what it is, and that is, that it makes appar- 
ently no difference what the solid Buhstance is which is 
raised to this intense incandescence in the various melliods 
adopted of heating them. The particles of carbon in the 
Budo light, for example, are black when they are cold, but 
they give out a none the less intense light on that account 
when they are heated up to the i-equisite point. Indeed, 
it is very curious that all solid substanccB, however differ- 
ent they may bo in chemical or mechanical pi-operties, be- 
gin to become luminous at the same temperature, and are, 
so far as I know, equally brilliant at the highest tempera- 
tures. The reason, therefore, for using lime is not because 
U ia wliite,bat because it will stand the heat without melt- 
ing. 

" But you must remember that while all solid substances 
become incandescent at the same temperature, and emit, a; 
I suppose, the same quantity of light in comparison with 



each other at all temperature a, there is a vast difference in 
this respect between solids and gases. Gases, however 
highly ihey are heated, for some mysterious reason or 
other, etniC comparativeli/ very little light. There is a cnri- 
ons experiment to show this. If a thin plate of platinum 
is held over the flame of a lamp at a place whore the as- 
cending gases are not at .ill luminous, it becomes incande&- 
cent itself at once — that is, a degree of heat which makea 
.the solid emit a bright light, will not cause the gaa to emit 
any at all," 

Would it be the eame with a thiii piece of iron or 
Bteel," asked John — " a piece of watch-spring, for exam- 
ple!" 

"I don't know," replied Lawrence. "Perhaps it might 
■over an Argand lamp, or any lamp on that principle, with 
■ glass chimney." 

"I mean to ti'y it some day," eatil John. 
" I would do so," said Lawrence. " And now for the 
iburth light, which ia 

" 4. The Magnesium Light." 

But what Lawrence said on this head need not ho ro- 
eated, as the manner in which a very bright light is pi-o- 
need by the combustion of magnesium, and hy the intense 
icandeecenco of the solid particles of magnesia which re- 
lit, has already been fully explained. 
"And now," continued Lawrence, after having finished 
hat he had to say under the fourth head, " we come to 
" 6. The Electric Ligdt, 

"This light is on the same principle with the others in 
ifipect to its being produced through the incandescence 
r solid particles by intense heat, and the particles, too, arc 
irticles of carbon; but the heat ia produced in another 
ay, and that is not by any process of combustion, but by 
lectricitv. 



*' But I think," said Lawrence, " that I have given yon a 
long enough lecture for this time, so I will leave the elec- 
tric light for to-morrow, when we are going on in the train 
to Paris." 

" Tes," replied John, " that will be better ; you have told 
me now as much aa I can well remember, I think I had 
better make a memorandum with my pencil of the three 
first kinds of light, and that wilt help me in writing my 
article." 

So John took his note-book from his pocket and went to 
the table to make his memorandum. 

The time occupied by the lecture was more than half an 
hour, as a great many things were said which are not re- 
corded in my report of the conversation. Accordingly, 
when John, after completing his memorandum, went up on 
deck, he found that the light which was beaming from the 
harbor at Boulogne was a great deal brighter and seemed 
much nearer. Indeed, they were now about half across 
the Channel. They arrived about midnight, and John, find- 
ing, when they reached the hotel, that he was too tired and 
sleepy to writc,concluded to go to bed, without attempting 
to do any of the next day's work that night, which Law- 
rence thought was a very wise conclusion. 

After he had gone to bed, and just as he waa going to 
sleep, he called out through the open door to Lawrenct^ 
who was in the next room, 

" Lawrence, I forgot all about my plan of going to Paris 
second class !" 

" Never mind," said Lawrence j " lie down aud go to 
sleep." 
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CHAPTER XIX. 

THE KLECTBIO I.IGH1 



The four very bright lights Tvhich can be produced by 
artificial means are, as Lawrence enumerated them in hia 
explanations to John (if we leave out the Argand burner, 
which is, after all, only the fonn of a burner, and not a 
special mode of producing light), the Bnde Light, the 
Magnc^nm Light, the Oxyliydrogen Light, and the Elec- 
tric Light. The last named — the Electric Light — is in 
respects the most remarkable of alL 
The electric light is like the others which have been de- 
Kribed in this respect, namely, that it acts on the general 
irinciple oi raising solid particles to an intense deffree of 
'fuxindeacence by means of extretne heat, while it differs 
torn them all in the manner in which the heat is pro- 
Inced. In the other three the heat is produced directly 
ly the process of combustion, which, as we Lave already 
een, is another name for the force which is developed by 
he combination of the combustible — chiefly hydrogen — 
rith oiygen. In this, on the other hand, the heat is pro- 
Inoed by a current of electricity, though it is a remarka- 
> instance of the analogy which nins through the opera- 
ins of nature, that the current of electricity which devel- 
8 the beat is often produced by the combustion of zinc, 
, rather, by a process which is, in a chemical sense, essen- 
blly combustion. The onrrent, neverthctesH, may be, and 
iw often ia, produced in other ways, 
In whatever way the movement of electricity is occa- 
1, it often produces luminous effects. The lightning 



ill tlio clouds ia the most striking of lliese efiFeots that is 
witnessed iu nature. The aurora botealis ia auother of the 
forms in which electrical light is manifested. In certain 
states of the atmosphere, also, jioiicils of light are seen 
upon pointed objects, such as the tips of the masts and 
spars of a vessel at sea, and the summits of spires and oth- 
er projecting points of buildings on land. 

There ia a good deal of mystery about some of the forms 
in which the light produced by electricity appears, but in 
that ■which is developed by artificial means for purposes 
of illumination, it is well ascertained that the effect is dun 
to the incandescence of solid particles by the agency of in- 
tense heat. It is found that, when an interruption is made 
in an electrical circnit, iieat is developed, provided that the 
current ia powerful enough to force its way across tho in- 
terval. Sometimes the interruption consists of a wire or 
other conductor too slender to convey the whole cun-ent. 
In this case the wire is at once heated more or less intense- 
ly, according to the force of the current in relation to tho 
slendemess of the wire. 

This is the way, in fact, in which blasting charges, for 
example, are often fired in rocks or under water. The car- 
tridge containing the charge ia pi'^pared beforehand by two 
wires coming in on opposite aides of it, and connected to- 
gether in the middle of the gunpowder by a V&ry slender 
wire, too flue to convey readily the whole electrical charge 
which is to pass through the circuit. The outer ends of 
tho two side wires are tlien connected with the electrical 
battery in such a manner that the charge may at any mo- 
ment be sent through them. Tlie battery, of course, may 
be placed at any distance, provided that wires can be laid, 
or other electrical communications made from the two poles 
of it to the place where the cartridge is deposited. Then, 
when the battery is set in operation, and the connections 
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are property joined, the fine ivire witliin the cartridge ia 
iDstantaneously ignited, and the gunpowder or other c 
I .^oeirc material is fired. 

I When the iuterruption in the circuit ia made under cer- 
Mkia circnmstaiices and in a certain way, the iatcrveniog 
HpaOfl IB filled with extremely miouto particles, which ai-e 
HlBtRGhed from the Bolid substance »t one side of the intcr- 
^B^and.driveu acroBS to the other sidu in a state of intense 
Wheat and incaudescettce. This especially takes place when 
f ibetlTotenniiiationaoncachsideofthe interval are formed 
I ,«f cOfwa tif carbon. Jji this case particles of the eai-hon, so 
nimtte as to be individnally entirt'ly invisible, become dc- 
\ 4acbed irom one side and pass across through the air to the 
I* other In a state of incandescence so intense as to furnish a 
^teght which surpasses almost every other artificial light in 
■boUiaHoy. 

B And this is the famous electrical light. 
B The charcoal points used are actually very small. The 
Hngraving, huwevcr, shows the effect which is produced, 
BbBd the result of it in modifying the fonns of the points, 
I tB seen greatly magnified. The globules of melted matter 
F vhioh appear attached to the cones come from the fusion 
fci<f thb earthy impurities in the carbon, 
^k' Although the light is thus derived from incandescent 
HprtideB of carbon, it is not at all due to heat produced by 
^H0 tsambustioti of them, as is, in a great measure, the case 
Brith tho light which comes from a common fire — that is 
Bo say, the boat which renders them incandescent is not 
Bbo heat derived from their own combination with oxygen, 
Bttat from that developed by the electricity alone, which is 
B"*^!? more intense than any lieat which their combustion 
Bkonld produce. The evidence of this is that tho electric 
B^bt ia equally vivid in a vessel exhausted of air, as shown 
^B the ^graving on the following page. 



Above and below we see the two wires conducting the 

B electric current, and connected re- 
spectively witli the charcoal points 
within the egg-shaped glasa. This 
glass is closed above ai'ound the 
metallic rod passing down through 
the cap of it. There is an opening 
in the upper end of this rod, into 
which the wire from the battery 
can be inserted and secured by the 
thumb-screw, which, however, is so 
Bitiall in the engi-aving as to be 
scarcely visible. There is a simi- 
lar connection below with the oth- 
m A I'AODnM. p,. battery wire. 

There is an opening through the stem and the base of 
the instrument below, by means of which the air may be 
exhausted— the instrument being placed upon the plate of 
an air-pnmp for this purpose — and then the opening can he 
closed by means of the stop-cock, the thumb-piece of which 
is seen in its proper place on the left-hand side of the stem. 
With this instrument it is shown that the vividness of 
the light is not diminished by the absence of air, and, con- 
sequently, that the source of the heat, by wliich the parti- 
cles of carbon are made incandescent, is not combustion, 
but some mysterious property of the current of electricity 
to manifest itself under certain circumstances in that foim. 
All these things about the different modes of illumin.i- 
tion, as used in light-houses, and a great deal more about 
the application and use of them, I^awrence explained to 
John in the lecture which he gave him in the riulway car- 
riage, on their way to Paris, on the day after they crossed 
the Channel, as described in the last cliapter. Tlio lecture 
Tas in two parts, of half an hour each, with an interval of 
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itwo or three stations between. During this interval the 
^tnun stopped at Amiens for the paesengers to take dinner. 
John had worked for an hour at the hotel at Boujogna he- 
Ebre going to the station, and ho intended to spend ^n hour 
n writing an abstract of Lawrence's lecture when he should 
arrive in Paris; this would make his three hoars' study 
ifor that day. 

" If I had known all this about the different kinds of 
light for light-houses before," said John, after the lecture 
was concluded, "I should have changed my plan abont 
^Ing to Paris to-day." 

" What shonld you have done ?" asked Lawrence. 
'* Instead of going to Paris, I should have gone down the 
let of France, bordering on the Channel, to see the light- 
louses. Wo are in the best place to see light-houses m 
khe whole world." 

" Yes," said Lawrence ; " the English Channel is admira- 
Wy well lighted, on both the French and English sides." 

"There are light-houses on every point of land and at 

tbe entrance of every little harbor," said John; "I saw a 

ip of them. I suppose there must be a great many dif- 

rent kinds that we might have seen if I had only thougjit 

If it." 

"It would not have done any good for you to have 
ihought of it," said Lawrence, " for you have no authority 
V decide that we would go to see them," 

"Why not?" asked John. "I'm commander of this ex- 
ieditioii." 

"Yes," rejoined Lawrence, "but with limited powers; 
jou are in command for the pmposc of conducting the 
{•rty to Paris. You have a right to decide upon any 
IDarB« and any mode of traveling which you honestly thin 
lest adapted to take us to Paris in an agreeable and con 
table manner, but you have no authority to deviate ci 
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tirely from the object for which you were appointed, and 
take UB Homewherc eke. 

f Every boily that is intrusted with power," continued 
Lawrence, " is bound always to keep is mind the object, 
and the limits of it. For example, if the Secretary of the 
Navy, who has command of all the government ebips, were 
to fit out a equadron to convey a party of his private 
friends on an excursion of pleasure np the Mediterranean, 
ho would entirely transgress the limits of his authority. 
His power over the navy is given to him for a certain ex- 
press purpose, namely, to serve the interests of the nation 
in carrying into effect the policy and the measures deter- 
mined upon by Congress, and his authority is bounded 
strictly by these limits. Khe wore to attempt to use the 
navy for any other purpose or in any other way, he would 
be impeached and turned out of office. There is speciai 
provision made for such cases by the government." 

"How?" asked John. 

" If any public officer transgresses the limits of his pow- 
er," said Lawrence, " the House of Representatives bring 
the accusation against nim, and the Senate try him. If ho 
is proved guilty, he is summarily ejected fi-om office," 

"But thei-o isn't any government in our case," said John, 

"Yes," rejoined Lawrence, "I'm the government — that 
is, I am the snpreme authority in all this tonr; and if you 
had decided to turn off from the route to Paris to go down 
the Channel in order to visit the light-houses, I should have 
impeached yon and turned you out of office forthwith." 

John laughed aloud at this idea, and said that he almost 
wished that he had done it for tlie sake of the fun of being 
impeached and turned out of office. 

" Besides," continued Lawrence, smiling a little, in Bym- 
palhy with John's amnsement, " you want to know a good 
deal more about lights and light-houses yet before you can 
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visit them profitably. It ia always best to know eome- 
thing aboat the nature and charactei' of any coatrivance 
before you go to examine it. If we understand the general 
[ilan of a machiDc, for example, and the principles on which 
it oporat«a, before we see it, we can then examine it intelli- 
gently. Things have a significance to our minds in that 
ca«e which wonid be otherwise wholly unmeaning. But if 
we go to look, for example, at tlie arrangements and con- 
trivances at a first-class light-bouse, without knowing auy 
thing about the principles wbioh govern the operation, we 
can only stare at them in bewilderment and wonder, and 
go away nearly as ignorant aa we came." 

John was convinced that this was true, and he deter- 
mined that on his arrival in Paris ho would first write a 
pretty full abstract of what Lawrence had taught him in 
his lecture, and then he would procure a book about light- 
houses, and learn all that he could in regard to the differ- 
ent aystems adopted, and the manner in which the arrange- 
ments are carried out, especially those relating to light- 
houses along the coast of the English ChaiincL 
. "And then," said Lawrence, "when we set out on our 
letam from Paris, if you propose that we should go down 
from Boulogne on tho French side, visiting the priucipal 
light-houses on the way, and, when we get to Havre, crass 
over and come up to Folkestone on the English side, I 
ehall think it an excellent plan." 

On the arrival of the train at Paris, John was greatly ex- 
tod at tho spectacle presented to his mind in the life and 
lovcment of the great city, for this journey was before the 
desolation and ruin brought upon it by the great Prussian 
They took a cab, and went directly to the Grand 
jBoteL From the windows of the cab John observed, with 

^t interest and much excitement, the wonderful sights 
acnted to his view. 
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When they arrived at the hotel, and had gone throngh 
the preliminary ceremony of entering their names and en- 
gaging lodgings, they were shown to their rooms, and there 
the first thing that John did was to di'aw up a table near 
a window and take out his writing materials. 

"The first thing that I am going to do," said he/'is to 
get my hour of study off my mind, then I can go out and 
see the city entirely at my ease." 

Thb he did. While he was thus engaged, Lawrence 
went down and waited for him in the splendid readiug- 
room below. The reading-room was much larger and more 
magnificent, but not so cosy and snug as the one at Folke- 
stone. At the end of the hour John came down, and he 
and Lawrence went out into the grand court-yard, and 
thence by an elegant passage, with a roadway in the mid- 
dle, and a sidewalk separated from the roadway by col- 
umns on each side, into the street. John almost leaped for 
joy at the sight of the scene of gayety and splendor which 
here met his eye, 

" Lawrence," said he, " I'm glad my study is done, and I 
think your rule of ' duty first and pleasure aftci-wird' is 
excellent philosophy." 
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CHAPTER XX. 



THE CORRELATIOX OF FOECE. 

The work of catabliBhing a light-house upon the eea- 

t for the guidance of mariners oaturally divides itself 

Into two portions, or, mlher, there are two distiDCt ends to 

be secured, each of which is essential to success. The first 

fl to devise some method of making a very bright light, and 

i second the means of gathering the beams that would 
latarallf radiate backward over the laud, or upward into 
the aky, and throwing them all forward over the sea, so 
tliat they may be brought to combine their luminous effect 
n the direction where the light is required. 

In respect to the former point— that is, the source of 
light itself— there are many things to bo considered bo- 
rides the actual brightness of it. The concentration of 

3 radiant point is very important, inasmuch as light is- 
ming from a point is much more manageable by lenses 
md reflcctoi'B than that which comes from a large surface, 
is, in effect, the same thing as coming from a great 
koany different points at a greater or less distance from 
wh other. In former times a compound Argand burner 
ims generally employed, and is still in very extensive use. 
i kind of burner consists of several concentric wicks — 
ihat is, circular wicks one within another — the outer one 
)eiug three or four inches in diameter. Such a light, of 
toursc, consists of quite a large flame, and is not so easy to 
« (JontroUed by reflectors or by lenses as the same amount 
f light from a single point would be; so that when, at 
mgth, the means of producing very bright lights from a 
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einglo radiant point — or at least from a surface of very 
limited extent, such as the oxyhydrogen and the electric 
light — were discovered, it was at once seen that some very 
great advantages would result from employiDg these meth- 
ods in light-houses. 

But there are other things to be considered besides the 
concentration and hiiUiancy of the light employed for this 
purpose. Thefaeility of managing It, and the ahsolntecei^ 
tainty of it — that is, its entire exemption from all danger 
of getting out of order, with the care and attention that 
a guardian of average skill and fidelity can he relied upon 
to bestow — are points of essential importance. It is not 
enough, therefore, that a scientific operator in his labora- 
tory can produce, by ingenious contrivances, a very pow- 
erful and concentrated light, and one which he can perfect- 
ly manage and control in a lecture-room for the amusement 
and instruction of an audience. Before his plan can be 
adopted by a Light-liouso Board tbey must know bow his 
light is produced, what would be the cost of it on a great 
scale, and whether the apparatus necessary for producing 
it can bo managed safely and certainly by nnscientific, 
though carefiil and faithful men ; and, more than all, 
whether there is any possibility that, oven so Beldom as 
once in five or ten years, the process of producing it might 
fej], through some unexpected derangement of the appara- 
tus or other accident, so as to leave the mariners who might 
be on the lookout for it without its warning of their ap- 
proach to the land for several hours, -and perhaps for a 
whole night. There are, at the present time, about sii 
hundred lights on the English coasts, and if the system 
was such that a light was liable to be out of order even 
once in teti years, that would make the number sixty upon 
the average that would fail daring some night of every 
year. Such an uncertainty as this would greatly impair 
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the confidence of the mariners, and vastly increase the 
perils of navigation. 
I The public aiithoritieB are, therefore, very cautions abont 
introducing new modes of producing light, especially such 
as depend upon any chemical process. Of course the oxy- 
hydrogeu light requires the preparation of both oxygen 
and hydrogen, and the electric light that of a current of 
electricity. The former renders necessary a chemical pro- 
oess involving the maintenance of a somewhat complicated 
^>paratnB, and a certain degree of scientific supervision in 

J management of it. These constitute insuperable ob- 
Ections to it in respect to a vast majority of the situations 
1 whicli lights are required, 

These situations are somelinies quite isolated, light- 
Jioascs being not unfroqiiiiiilly built on rocks at some dis- 
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■'lireaks over them with so much force that eometimea for 

BdayB,and even weeks, the keepers are out off from allcom- 

■ muuicatioD with the land. In such cases it is very plain 

I that the modes of producing and managing the light lauBt 

I to of a very simple character. The apparatus must be 

very little subject to accidents or derangement, and only 

to snch as can bo easily remedied, when they do occur, by 

persons of ordinary skill. 

The production of a cunent of electricity for the electric 
light was at first, and for a long time, effected by a chem- 
ical process involving a considerable degree of scientific 
^owledgo and skill in tbose directing it, if not in its ordi- 
nary and successful working, at least in the emergencies 
vhich in all such operations will 'sometimes occur. 

Within a somewhat recent period, however, a method 
lias been devised of developing the requisite current of 
electricity by means of mechanical force through the me- 
dium of m^netism. It is found that changes in the m^- 
netic condition of an iron bar, for example, induce electric- 
al movements in any conductors placed at right angles 
near it. If an iron bar is wound round with a wire in a 
certain way, and the magnetic state of the bar, while thus 
' wound, is made to change — which may be easily done by 
alternately brining it near and drawing it away from a 
permanent steel magnet — a succession of electrical im- 

I pulses are induced in the wire. By combining many of 
these wound bars — or ftoSSi/ia, as they are sometimes called 
—in one machine, and cansing a number of permanent mag- 
nets to revolve in face of them in rapid succession, and then 
combining the electrical impulses that are induced in a 
proper manner, the effects, substantially, of a continued 
flow are secured, so far, at least, as is essential for produc- 
ing the electric light 
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} The general principle of this inBtrument will be seen il- 
"iBtrated in the engraving. It is called a magneto-eleotric 
ichine, as it is one for developing electricity by means of 
lagnetism. Apparatus whieh operatCB on the converse 
iciple — that is, of developing magnetism from electrici- 
r, is called electro-magnetic. 
I The bobbins — that is, the bars of soft iron wonnd with 
inducting wires — arc in the centre, in a great measnre 
t of view, being arranged around the axis of the ma- 
This axis may be rapidly revolved by means of 
tie band and pulleys seen above, which bring in mechan- 
ical force — provided either by steam or horse power — from 
the adjoining room. The ends of the bars within the bob- 
bins pass, as tbey revolve, across the face of the poles of 
the powerful horseshoe magnets which arc seen arranged 
in tiers on the outside. There are eight ranges of these 
magnets, with seven in a range. The magnetic condition 
Ttbe iron bars is changed, of course, with amazing rapid- 

ewhen the axis is made to revolve at considerable E{>eed. 
each change an impulse of electrical force is Imparted 
frthc wires around the bobbins. These impulsea ai-e com- 
led by means of the proper conneclions, and thus become 
Ktically a continued stream, which passes to and is re- 
nted from the carbon points in the iostniraent on the 
t. The small square box above the pedestal contains 
) apparatus for regulating the distance of the carbon 
tints from each other, this being nccossary to secure 
tadiness and uniformity in the light. 
The whole process, as esemplified in this apparatus, fur- 
iflbes a very remarkable and very comprehensive illustra- 
on of a principle which is one of the greatest, if not the 
by greatest scientific discovery of modern times, namely, 
lal of the correlation of force. The principle is, that alt 
le great forces of nature — mechanical motion, electricity, 
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magnetism,heat, and light, are modes of action fundament- 
ally the same, in this Bense, namely, that they are equiva- 
lent to each other in certain definite propoitiooa, and are 
continually interchanging one into the other, in these pre- 
cise proportions, in many of the operations of nature around 
us, and in artificial procesBes instituted by man. 

In the case of this magneto-electric machine -we have an 
example of all these forces transforming themselves one 
into another, and that again into a third, till in this single 
process, taking it from the beginning to the end, we run 
throngh the whole round. 

To bring in the whole of the circuit, however, we must 
begin with the sun ; the heat, or other radiation comprised 
in his beams, is transformed in the leaves of the growing 
plant into a latent force, or " potential energy," as it is some- 
times termed, which is stored in the grain or hay eaten by 
the horse, if we suppose the machine to he driven by horse 
power, or in the wood which formed the coal, if we sup- 
pose it carried by steam. This energy comes out into ac- 
tion in the animal, developing itself as muacular force. In 
moving the limbs of the animal and turning the machin- 
ery, the muscular force becomes converted into meehanical 
motion, which is conveyed by the pulleys and bands to the 
magneto-electric axis. There this force is expended in 
overcoming magnetic i-esistance, and is transformed by 
this action into magnetic force in the soft iron bars, and, 
as it disappears in this form, it reappears as electric force 
in the environing wires. From these it passes by the con- 
ducting wires to the charcoal points where it is first trans- 
formed into heat to make incandescent -the solid particles 
of carbon, and is then transformed into light, to radiate 
\ -ver the surface of the sea. The whole process constitutes 

fery complete and striking example of the correlation, or 

nprocal relation of the various forms of foree. 
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The most important object to be sought, after determin- 
ing the most satisfactory method of creating a bright light 
for light-house purposes, is, as has already been said, to de* 
vise the best means of utilizing it when created by concen- 
trating it in the direction where it is required. 

In former times this was done by reflectors alone, the 
light being placed in the focus of what is called a parabolic 
reflector, which is a reflector of such a form that it reflects 
the light radiating from the focus within in a beam oipar* 
alld rays issuing through the opening in front. 
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This is shown clearly in the engraving, the black lines 
representing the natural course of the rays, and the dotted 
ones the lines into which they are turned by the reflector 
and formed into a parallel beauL 

We see this arrangement in operation in the front of the 



railway locomotive at night, making the light far r 
effectual on the tract ahead than if a simple lamp without | 
a reflector, however bright it m.iy be, were used. 

For we must remember that light, in radiating fram the 
liiminoua point through the atmosphere, loses brilliancy as 
the distance increases, from two causes; first, from the 
spreading or diffusion of it, on account of the divergence 
of the rays from each other as they recede, which causes 
the intensity of it to diminish, as we saw in a former chap- 
ter, as the sqiiares of the distances; and, secondly, on ac- 
count of the interception of the light by solid or liquid par- 
ticles always floating in the atmosphere, which, though in- 
dividually invisible to us, absorb in the aggregate a great 
deal of light, especially when the distance through which 
the ray has come is gi'eat, so that it has iiad to encounter 
a great number of them. 

Now there is no means of presenting the loss of light 
from this latter source, namely, the absorption of it by sub- 
stances floating in the air and thus diminishing the trans- 
parency of it. All that can be done is to increase the 
quantity of light sent forward, so that the distance may be 
greater that will be required to absorb it all. But the 
foiTuer — that is, the diminution by divergence — may bo in 
a great measure controlled by means of lenses or i-eflectors 
Eo arranged as to collect the light from all sides, and send 
it forward over the sea in rays diverging but little later- 
ally, and lying, horizontally, very nearly in the same plane. 
It is evident that they must not be in precisely the same 
plane, for the surface of the sea is not itself plan?, but 
slightly convex, on acconnt of the rotundity of the earth. 
The rays, of course, can not be made to ciwue in their 
course to accommodate themselves to this rotundity, and 
BO it is ncceasary that they should diverge a little upward 
and downward in order that they may shine upon both 
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near and distant vessels ; and they must also diverge to a 
eonsiderable extent from sido to side, eo that they may 
reach every ship, whatever may be the direction from which 
she approaches the land. 

Reflectors are necessary for all that portion of the ra- 
diance which would naturally proceed toward the land, for 
it ia only by reflection that light can bo turned back direct- 
ly from its course. 

For a long timo reflectors alone were used for the man- 

Bgement of the light in these cases. They only ser\-ed the 

purpose, of course, of intercepting and turning forward that 

portion of the radiation which was emitted on the side op- 

pogite to that on which it was required. The light which 

naturally went forward was left to pui-sue its own course 

Lwithont modification. It could only bo modified by the 

I use of lenses, and the difficulty of constructing lenses of a 

|:Biifficient size for the purpose was for a long time insur- 

tBountable. 

Contrivances for reflecting the light were, however, very 
mmcroQS, and some of them were very iugeniona and very 
K<eomplicated. 

The engraving on the following page represents a sys- 
f tern of reflectors devised to produce what is called a flash- 
ing light; for, in the case of beacon-lights that are not 
many miles apart, the luminous eflccts must be made to 
^ifl*er in soma way, in order to prevent their being mis- 
cen for each other. There are a great many ways of 
laking thoso variations. The light may be colored by be- 
ktg caused to pass through red, green, or blue gla^s. It 
Imay bo revolving or intermittent, or may be sent forth in 
ishes. In the engraving the several reflectors have each 
e own lamp, and they are arranged in sets of three (A, B, 
) upon a vertical axis, which is made to revolve by ap- 
roximate machinery, aa indicated by the pulley on thfr 




left; The cord D, descending from the pulley, pasBea ovaf 
another pnlley not seen, and has a weight like a clock- 
weight attached to it. The clock-work by which the dc- i| 
scent of the weight is regulated and the force commanica- ,' 
ted to the syateDi of rcfloctors is inclosed in the box R 
The little truck wheels on which the system revolves are 
seen beneath, on the platform formed upon the top of the , 
Btand, where they roll in a groove formed for the purpose. 
The machinery ia arranged so that tlie lamps revolve 
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li'ery slowly, and all lliat is rcquii-ed to secure the steady 
Icoutiniiancc of tnotioa is that the clock-work should be 
■ vooDd up every day when the lamps are trimmed, and set 
I a-goiug when the lampa are lighted at night. Of course, 
[ as each set of three lamps comes to the front, theb- com- 
hiued light sends a flash far over the sea. 

A mode of constructing lenses of a size sufficient to be 
used ill light-houses was at last devised by a French phil- 
osophical engineer named Fi-esnel ; and so great was the 
success of his system, that it came soon to be almost uni- 
versally introduced, and has connected his name indissolu- 
bly with the light-house system all over the world. Very 
great iniprovemeuts have been made in his system by oth- 
er inventors, hut they do not displace his name as the orig- 
inator of the idea out of which they have all proceeded. 

It is only an idea of the general principle of Fresnel'a in- 
vention that can be given in a chapter like this. It con- 
sists essentially in "building up," as it were, a lens for the 
concentration of the rays, by forming it in separate por- 
tions, each portion except the central one, and soraetimeB 
even that, helng in the form of a rinff, the surfaces of all 
the portions being so arranged as to produce the same ef- 
fect ill refracting the rays as if the lens was made i 
solid mass. 

To understand this clearly, we must consider that the I 
function which it is required of the lens to perform is to I 
draie in the rays somewhat from their natui-al divergence, f 
since in issuing from the source they would, if left to them-l 
selves, diverge too widely. Now it is the property of a, 
convex lens to produce this effect, as we see exemplified! 
in the case of the sun-glass, so called, which is often a&cm 
as ft toy to concentrate the light and heat of the sun. 

Now, to make a lens of this form, and of the size wh'uf 
uroold bo necessary for a light-house, would ret^uira a 




great thickness of glass in the central parts, all of wMoi 
thickness would he useless in 
itself, since the light, in pass- 
iiig through, 13 changed in its 
direction only at the surfiiceH 
where it enters and where it 
emerges. It undergoes no 
change of direction while it is 
passing through the substance 
of the glass within. In other 
words, the whole effect of 
bending, or, as it is scientific- 
ally termed, of refracting the rays, depends upon the angle 
oj" inclination in reyiect to tJte surf ace of the glass at which 
the ray enters and leaves it. Fresnel's idea was, therefore, 
to dispense, as far as possible, with the interior substance 
of the glass, by dividing the lens into portions, and making 
the several portions thin, while he still preserved in all the 
eante iuclinations of the surf aces in relation to the entering 
and departing ray. 

Ton will see how this object is effected hy the engtST- 
ing, which shows pretty clearly the nature of Fresnel's 
contrivance, and the manner in which it opei-ates to pre- 
serve all the refracting power of a convex lens by retain- 
ing the several portions of the surface in the right position 
in respect to the entering and departing ray, while yet the 
thickness of the glnss is kept within reasonable limits. 




The rays of light from the cliarcoal points to the left are 
brought into a parallel beam as they leave the lens on the 
nght. 

In this case, the rays, diverging firat fi-om a point, become 
parallel, which is the reverse of the case of the san-glass, 
in which parallel rays — that is, rays sensibly parallel on ac- 
oount of the sun's great distance— are made to converge to 

point. All refraction is in this way reciprocal. Rays 
subjected to refraction will always follow the same track 
in this sense, namely, that if they enter the glass — on the 
light side, for example — coming in a certain direction, and 
go out on the other side in a certain different direction, 
then, if the motion is revcrsud, and the rays of another 
beam come in on the left as the former went out, they will, 
on refi'action, in the same Ions, go out on the right precise- 
ly as the former came in. 

It is plain that a lens modified on Fresnel's system, as 
above ^escribed, might be mado of a circular form, as 
usual, in which case several sets ofthom would he required, 
forming different faces, to be presented toward different 
quarters of the horizon. Or the lens might be made annu- 
lar, with a broad convex surface in the centre, and narrow 
tnes in rings above and below. This last arrangement is 
bown in a simple form in the engraving on the following 

ige, which represents a signal lantern such as is used on 
rd ships. 

These engravings are copies of those which Lawrence 
gave to John to put into bis note-book, as illustrating in a 
■iniple form the fundamental principle of Fresnel's idea. 
■John afterward found, when he came to visit light-houses 

1 the coasts of France and England, that, in carrying the 

lea into practical effect, a great number and variety of 

lOet elaborate and complicated arrangements were made. 

Hioii he went inside of some of the large lanterns a 




looked avound at the vast number of angular rings of glass 
— that ift, rings angular in section — and priems, and groups 
of lenses and reflectors, he was sometimes utterly bewil- 
dered with the intricacy of the system, and almoet dazzled 
by the brilliancy of the effect produced by so much pol- 
ished glass, even in the daytime, when the lamps were uot 



He found that not only leases, modified as above de- 
scribed, were used, but prisms of tlie same annular form, 
placed above and below the limits of the lenses, were cm- 
ployed to bring down into parallelism rays which would I 
Otherwise have passed out of range. How this is done will / 



lie sbown by the engraving, where the rays formiog the 
centre portion of the diverging beam are brought to paral- 
lelism by the lens, and those that ascend and dcRcencI much 
sre partly refracted, but mainly rcflGctcd, by the prisma 
placed in proper positions for this purpose, as shown in 
section in the engraving. 




Yon will obser\'o from the engraving that the light is 
reflected from the under aide of the upper surface of the 
prism, where we should naturally think it would emci^. 
It la very remarkable that it should be thus reflected back 
through the interior of the glass again, instead of going 
oat into the air ; but such is the fact. We can sec a strik- 
ing example of reflection of this kind by means of a tum- 
bler of water. Fill a tumbler nearly full, then hold it up 
carefully above your head, and look np at the under surface 
of the water ; you will find that you can not see throngh 
it to what is above. If, while you hold the tumbler in one 
hand, you bold the finger of the other hand above the top 
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of it, you can not seo it by looking up throngh llie uppei* 
surface ; but if you bring the finger down below the level 
of the water, and on the farther eide of it, then, with a lit- 
tle care in placing it right, you will see it reflected in the 
upper surface seeii from below — that is, fi-om the under side 
of the upper surface. 

These explanations will give the reader a general idea 
of the fundamental principles of Fresnel's invention for ' 
managing the light in light-honses, and will enable any 
one, when he visits a light-houso constructed on these prin- 
ciples, to understand what he aces, when, without this pre- 
liminary knowledge, the complicated combination of ringa 
of glass, and mirrors, and pi-isms would form for him only '- 
an intricate and bewildering maze. | 

Indeed, the number and the variety of the modes in ' 
which these general principles are applied, and the vast 
extension which the system has received since Fi'esnel first 1 
introduced it, and which is necesBary to produce the great ' 
variety of luminous effects required for distinguishing the j 
different lights from each other, are such that it is the 9 
work of a lifetime to understand the whole subject in all J 
its details. 1^1 

Fresnel was a highly-educated man and a profound math- 
ematician, and he made his discoveries, not by any lucky 
accident, but by the most carcful and thorough study of 
the philosophy of optics. He was educated as an engineer 
in the military schools of France, and was subsequently 
appointed to important posts under the French govern- 
ment — first in respect to bridges and roads, and afterward 
in relation to the establishment and management of light- 
houses on the coasts. It was from the profound investi- 
gations that he made in connection with his oflidal duties 
that his discoveries and inventions resulted. 

And yet, notwithstanding the great emmence as a math- 



Branfttician and philosopher to 'which he attained, he was, 
[.when a boy at sehool, considered quite a dull Gcholar, oa 
I sccouDt of his appai-ent incapacity for learning and rccit- 
I ing lessons by rote, as was thcD,and still is, much practiced 
J schools. Yet he was, even at that early age, so much 
1 interested in the study of philosophical principles, that he 
I had the name and reputation of a genius among his play- 
L tnatea, on account of his success in investigating the action 
I and improving the forms of their toys and playthings, such 
I as their tops, kites, and little cannon. 

If I were writing a moral discourse in the form of a ser- 
I mon instead of a scientific treatise, I might very properly 
[ oloBG this chapter with two practical reflections. 

First, that a boy, because he thinks himself smart in 
I learning and reciting lessons at school, should not, on that 
I account, become conceited and vain, and imagine that be ia 
f certainly going to become a great man when he grows up. 
Intellectual success and distinction in future life depends 
apon something very different from more readiness in com- 
mitting to memory, and fluency in repeating, mere woivJs. 
And, secondly, if any hoy who is patient, faithful, and 
I thonghtful in his endeavors to understand what he is 
L taught, but finds that he is not so quick and ready in 
I learning and reciting the lessons as others in his class, he 
I has no occasion to be discouraged about himself. He may 
I b&ve within him all the essentials of eminent success in the 
[ acquisition of knowledge, which will develop themselves in 
[ ^ae time. 

I 
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NoTniNG can bo in appeamncc more eimplc and uncom- 
poundcd, or, as it ia scientifically expiesseil, moi-e appar- 
ently homogeneous, than pui-e white light. It was the 
celebrated Sir Isaac Nfwton who first called the attention 
of mankind Btrongly to the fact that a beam of such light 
can bo separatod into many component parts, Btrikingly 
different from each other in theii- powers and properties in 
relation to liunian vision. It has since been (liscovorcd 
that the radiation from the sun, which was formerly 
thought to consist of simple beams of light and heat, ia 
infinitely more complicated than oven Newton imagined, 
who only separated the beam of light into the b;:v«u prin- 
cipal colors. 

The diacovei-y of Newton was this: When light passes 
out of a- rare medium like air into a dense one like glass, 
or water, or ice — or reversely, from any such substauco 
into air, if it enters or emerges obliquely, tho ray i» bent 
a little out of the direct line, as you see very clearly when 
yon hold a pole or stick in an oblique position, with the 
lower end of it In the water. The stick, seen from above, 
appeare bent at the place where it enters the water, on ac- 
connt of the rays which come from that part of it which 
lies under the water being turned somewhat downward as 
they emerge, and thus arc made to enter the eye as if they 
came from higher points within the water than they actu- 
ally do come from. 

For, as has already been explained, things always appear 




WIS io thi! place from which the rays seem to come when 
1^ enter the eye. 

This refracting effect tipon rays passing in an oblique 
lieotion into or out of surfaces of water or glass has long 
»a known. Indeed, it gives rise to phenomena which- 
B to be obserred all aronnd us every day. Newton, 
bwever, in his investigations, ascertained that the light 
ma bent ont of its course was, in some mysterious way, 
parated in the bending into different component parts. 
The engraving on the following page represents this 
ienomenon in its simplest form. A beam of light from 
te Bun enters through an orifice (a) made in the shutter 
to ft darkened room ; for, thongli this is n©t essential, the 
feet ia far more decided when all other light exoept the 
ism (q bo experimented upon ia excluded. The ray, i 
Itering from the air into the pi'iicm (shown an section in 
leengraving) at i^ Is refracted upward, and slightly sep* 
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aratetl into differcntly-colorea parts. In commg out of 
the prism on the other side .it c, it ia 
ri?fracted more, and the component col- 
ored portions are still more widely sep- 
arated. They go on diverging as they 
recede, until, when tfaey at length fall 
upon the wall at d, or upon a screen 
[■laiwjd there to receive thera, the rays 
aia-HiUTnncFBOLiiBAY. ^jiidi entci'ed at a as a small beam of 
white light form au elongated band of tbe most brilliant 
and beautiful colors. 

This band is called a ^ectrum. In this case it ie the 
spectrum of solar lit/ht, ov the solar speetnim, that is pro- 
duced. The spectrum of any other light may be prodaced 
by similar means. 

In ease, however, tbe light to be employed radiates fi-om 
a point that is near, so that the rays are divergent instead 
of being parallel like the sun's rays, there is an advantage 
in passing them firet through a convex lena to bring them, 
to parallelism before Ihey enter the prism. 

The number of colors which were developed in tbe solar 
spectrum by Newton's experiments were seven, and were 
called for a long time tbe seven primitive colors. It was 
found that, by mingling these hues again by any suitable 
means, the white light from which they originated was re- 
produced. Thus the beam of white light, it was found, 
could be separated by refraction into rays of seven differ- 
ent colors, and these, by being combined again, would re- 
produce the original beam of white light. 

There are many ways by which this reproduction can 
be effected. One is by gathering the rays together again 
from the spectrum by means of a lens, or of another prism, 
in a reversed position. Another is by mixing paints of the 
Beven lines together upon a painier's pallot. A third mode 



I d^k '8 by causing a disk with different sec- 

MJWjjiX tions of it, or, rather, different sectors, 

^Sg^SjB^ colored differeutl j, to revolve rapidly, 

^^^^^^^1^^ hy means of a top, for example, so as 
I^B^^^^^^^F to miugle and blend the colors in their 
»«(ioMi™iTios or Lioui. impression upon the retina of the eye. 

Of cour.ie, ill both these last experiments, in order to se- 
lure complete success, it is necessary that the colui-s to be 
bombioed should be of the same hues and in the same pro- 
portions as those developed in the spectrum by the decom- 
|K>Bition of the pure white light of the solar beam. 

A top of suitable form, as affording a ready means of 
|troducing a rapid rotation, answers very well for making 
experiments in the blending of colors. Indeed, with a lit- 
tle ingenuity, a top may be contrived so that different disks 
may be fitted to it, and thus a variety of experiments may 
be made. The method which Newton adopted, however, 
was somewhat more systematic than this. He constructed 
ft little machine to which his disks could be fitted, and thus 
^ade to revolve very rapidly by means of a multiplying 
-wheel — that is, a large wheel turning a small one by a 
bond. 

The figure on the left, on the next page, represents the 
disk divided into sectore by lines drawn from the centra 
to the circumference, the several divisions being painted in 
Itiie colors which it is desired to blend. When this disk is 
'pat upon the little axle made to cai'ry it, in the machine, 
i and set in rapid revolution, if the colors are of tho right 
Itne and properly proportioned, they nil disappear, and the 
whole surface becomes apparently white, as shown in the 
bentral figure of the following engraving. 
I In process of time, as the solar spectrum was more close- 
ly examined, and as the instruments for producing it were 

ide more perfect, and the arrangements for performing 




the experiment were improved, the spectrum iDec.ime more 
and more enlarged, and the colors tnoi-o (separated, iiiitil at 
length certain mysterious dark lines began to appear, pass- 
ing across it in various places like black bars or bands 
upon a colored ground. These bands were found to be 
fixed and permanent — that is, they were always the same, 
and appeared in precisely the same positions in the spec- 
tnim,by whomsoever and wheresoever produced. A cele- 
brated optician of Germany, named Fraunhofer, firet called 
the general attention of the scientific world to this phe- 
nomenon, and after a time he pubhshed a colored map of 
the spectrum with these lines represented upon it. They 
were thenceforth known in the scientific world aa Fl^un- 



TUB srECTltUM. ' 

Iiofer's lines, and they exciled great interest, though tho 
cause and tlie significance of them remained for a long time 
an unfathomable mystery. 

FHbuihofer gave names to the principal lines that lie ob- 
^■^H served as soon iia he found that they iverc eon- 
^^^H HUiiit and unchangeable in the solar specti-mn, 
1 1^1 i designating each by a, letter of the alphabet. 
I B^^V S 1''i<J uaniGS and positions of some of the princi- 
I ^Lifl ^ P"^ '^"'^^ — those that were first discovered — ai-e 
I ^^^ll given in the engraving, 

I H H H Tlic white band on the black ground rcprc- 
I H3I h ^*^"''^ ^'^ spectrum itself, nod the lettered cross- 
■Hi^fl B bare Fraiinhofei-'e lines. It is only a very few of 
IB'^B g the principal ones that are thus named. FrUun- 
^^^^H hofer himself discovered and mapped many hun- 
BHII0 dred of them, and the number has since been cx- 
Beudud to several tliousaniL 

I It i& now found tliat these lines dciH^nd upon the nature 
Bftnd the chemical composition of the iriciuidesccnt sub- 
btanco from wliich the liglit })rocceds. They are alwaj-s 
Itbe eame for the light whieh comes from the sun, but dif- 
Kfercnt for the different kinds of artificial light; alw.ays the 
uame, Iiowcvcr, for tho same kind of light Tliero ai-c cer- 
nun lines, it is found, that are characteristic of certain sub- 
ntances, and when these eubstaneea exist in any flame, or 
Hthcr incandescent soui-co of light, tho lines pertaining to 
nhem are sure to appear. Thus these lines in any spee- 
Mrnm constitute a language by which those who have 
DBarncd it can determine with great ceitainty wliat sub- 
ntancea exist in any flame the spectrum of which they have 
Kbo opportunity to examine. 

It To examine the spectra of flames iu this way requires a 
fcomewhat complicated and delicate, and very exactly made 
Bpatrument. Thia instrument is called the spectroscopy 



The form and geDCral appearance of it is sho-wo in the a 




It is only a veiy general idea of the cliaracter and con- 
Btnictioii of the instrument that it is necessary to commu- 
nii;ate here. It consists substantially of a prism in the 
centre, supported upon a stand, and three branches in the 
form of telescopes directed toward it. The one on the 
right ia for the light which is to be examined, which passes 
through the tnbe, and is prepared by the lenses contained 
in it for the prism in which the Bpcctrum is formed. The 
L Bpectrnm is viewed by means of the telescope, which con- 
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Btitutea the branch on the left. The third branch contains 
B micrometer scale, so called, an image of which is project- 
ed npon the epectrum, and enables the observer to deter- 
mine the precise position of any bands which may be 
itironght to view. By observations made with this instru- 
^ttent — epectml analysis, as it is called — the radiation which 
«ome8 from the sun, as well as that from many other lu- 
linoos sources, is found to be of an exceedingly complex 
laracter. The portion of it which constitutes light — that 
^ which has the power of producing in our minds the sen- 
ition of vision, can be separated into a great number of 
linct parts, each of which produces a different sensation 
. onr minds in respect of color; and, besides the light, 
lere are rays of heat, and a third kind still, called chem- 
al rays, a considerable portion of both of which can he 
itirely separated from the raya of light in the spectrum. 
Fifty years ago, a commonly received theory was that all 
itliis radiation consists of streams of solid particles, which 
were both inconceivably minute, and were projected fi-om 
their source with inconceivable velocity. The prevailing 
theory at the present day is that they consist of different 
modes of vibration or undulation, in an extremely rare and 
tennous ether, which is supposed to pervade all space, and 
eren to fill the interstices of solid bodies. The longer and 
more slow of these vibrations — if the words long and slow 
can be applied at ail to movements so amazingly minate 
■»nd rapid as these are all supposed to be — constitute, it is 
thought, the rays of heat Those of somewhat greater ve- 
locity and minuteness form the light, while the most minnte 
and rapid of all are the rays of chemical action. Tn other 
words, that the vibrations of the first class — that is, those 
ihat are comparatively slow, have the power to affect us 
with the sensation of heat; those of the second class have 
the property of producing impressions upon our organs of 
12 



vifiion ; wliile the third, in eome mysterious way, act upon 
the principles of chemical affinity. 

And here It is proper to say tliat, in reading works of 
science and philosophy, we must keep clearly in mind the 
distinction between thc/ae(s which are brought to light by 
the observationB and experiments of scientific men, and the 
theories by which they attempt to explain them. Facts, 
once established by proper evidence, remain uncontrovert- 
ed from age to age. We can rely with confidence upon 
them. But the theories are continnally changing. They 
are only suppositions which may be imagined to account 
for the facts, and ought to be received with great caution. 
There ia direct and positive proof that sound is prodaced 
by vibrations of some niatenal substance, but there ia no 
such direct proof in respect to Inmitioiis radiations It is 
only a matter of inference and reasoning. The reasoning 
is, that we can only conceive of two modes by which a 
force can be transmitted through space, namely, by the 
progressive motion of material particles, and by an vnda- 
taiory movement of an intervening medium y and as it has 
been abundantly proved that it is not and can not be the 
former, we may safely infer that it must be the latter. It 
may be so ; but then, on the other Land, it may be sup- ] 
posed possible that modes of the transmission of force can 
exist of which, having no experience of them, we can have, 
in our present state of knowledge, no conception. It is not 
very safe for minds as limited in their attainments and 
powers as ours to conclnde that a phenomenon that we 
witness mnst necessarily be accomplished in one of two 
ways simply from the fact that we do not know of any 
third. 

However this may be, the scientific world at the preBcnt 
day are almost universally convinced that the phenomena 
of light, heat, electricity, and the like, are all the resallB of 
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■ vibratory, or, OS one of tlicm expresses it, a kind otshtv- 
4nnff motion of the particles of matter. But perhaps they 

E not more generally agreed in accepting this view now 
thaa they were in holding to the belief that these several 
^principles were eo many distinct material substances half 
ti contnry ago. 

Bnt, whatever the truth may be in regard to the theory, 
'tiiere is no doubt of the fact that light is a form of force, 
which 19 transmitted from the suu or other luminous cea- 
tre in combination or connection with /teat and with aotin- 
iam — as the chemical force is called — in apparently simple 
■nd homogeneous rays, which, however, in consequence of 
their different degrees of refranglbility, may be separatecl 
from each other, the ray of light itself being resolvable 
Into seven or more component portions, which have re- 
spectively the power of pi'oducing in us sensations of the 
ieveral colors. When any one of tliese rays enter the eye 
Erectly from the prism which has separated them, it pro- 
'dncus at onco and directly the appropriate sensation. If 
the spectrnm falls upon a screen, or upon any surihce serv- 
iDg as a screen, the several portions of it arc reflected, and, 
altering the eye, they produce each its own pi-oper senaa- 
^ns in this secondary manner. 

. ^e rays of light, besides being separable into their com- 
ponent portions in this way by rcfiaction in passing from 
me transpai-cnt medium into another, are also subject to 

■ Bomewbat similar modification — similar, at least, in some 
Espeots — when falling upon any opaque substances. Some 

nch substances absorb the whole of the light, and reflect 
e of it to the eye ; these are black substances. Othera 
reflect the whole, though in a peculiar manner; these are 
Irhite substances. Others absorb certain portions of the 
Kparated rays and reflect others of them, as the green 
piys, or the bhie rays, for example — that is, the rays thM i 



are capaHe respectively of exciting the green or the bine 
BenBation in our minds when thoy actually enter our eyea. 
That they are not green or bhie themselves, but only have 
the power of exciting these sGiiEationB in us, is evident from 
the fact that, when we look out at a window through the 
air, although the blue rays, as we call them, are comingr 
down through it all the time from the sky above, and the 
green ones coming up through it from the grass below, we 
see no blue or green unless we turn our eyes toward the sky 
or the ground. In other words, the rays have no blueneBs 
or greenness in themselves, but only have the power of 
producing the peculiar sensations to which wc give those 
names when they enter our eyes and take effect upon the 
sensitive organization of the retina. 

It is substantially the same with transparent substances 
of different coloi-s. Green glass, for example, absorbs all 
those portions of the solar ray which have not the power 
of producing in us the sensation of green, while they allow 
those that have this power to pass. Accordingly, any 
thing that we see through such glass appears tinged with 
green. 

Thus the color of any substance, transparent or opaque, 
depends upon the part of the solar ray which it reflects or 
transmits. And this is the philosophy of color, aa at pres- 
ent understood. 




I HATE eome doubt whether the readers of this book 
will be easily convinced of the truth of what I am going 
to show in this and the next chapter ; but if they are not 
convinced of it at once now, I am sure that they will be in 
time, aa they grow older and think more. 

There is nothing that we arc more inclined to truet in 
than the evidence of our senses, and, of all the others, there 
is none that inspii-es us with more confidence than that of 
Bight ; and yet there is no one of them all that is so falla- 
cious, or that produces in ua bo many illusioDS. 

When we are little children we see a reflection in the 
looking-glass. We think there is something behind the 
glase. We look, and find nothing there. It is an illusion. 

As we grow older wo know that there is nothing behind 
the glass, but wo arc apt to imagine that there is an image 
.or picture somehow or other in it. It is an illusion just 
like the other. There is no image or picture of any kind 
lin the glass; the image is in our eyes, and nowhere else. 

We look up at the sky at night — or, in fact, in the day- 
tiiMnrben the sun is not too bright — and think we see a 
grJHv arch swelling above us. There is really no arch 
there ; it is all an illusion. 

Wo look at the dark cloud in the east, when a shower 
is past and the sun shines out upon the cloud from the 
west, and think wo see a rainbow there. DluBion ! there 
is no rainbow except in our eyes. There are causes in op- 
eration in the cloud that produce the image of a rainbow 
•in onr cypa, and lliat is all. 



We look around us upon a spriug or Bcmmer day, and 
eee, as we tliink, greenness in the grass, and other beauti- 
ful colors in the flowers. Illuaion! the colors are eenaa- 
tioDs in our minds. 

The sense of sight is perhaps tbe most fruitful source of 
our ilIusionB,bnt the other senses are in some cases equally 
deceptive. Wo hold our hands before the fire and experi- 
ence a sensation of warmth, and we imagine that there is 
warmth in the firej but a moment's reflection will show 
MS that warmth is a sensation, and that there can not pos- 
sibly be a sensation of any kind in five. It is sometimes 
said that there ia no heat in fire, and this ia true if we mean 
by heat the sensation of lieat such as we ourselves experi- 
ence by the action of fire. But tbe word heat baa a double 
meaning; sometimes it refers to the fesliog which we ex- 
perience, and sometimes to that property or condition of 
the eoitemal body that caitses that feding. In the former ■ 
sense it is tme that there is no beat in fire. 

The word warmth is more exclusively confined to the ' 
sensation, and therefore we can say in a more nnqnalified 
manner that there is no warmth — meaning no sensation of | 
■warmth — in fire. It is true, we sometimes speak of water 
being warm, and it is perfectly right so to speak; only 
when we do so it ia important, in a scientific sense, to ud- | 
derstand that what we mean is that the water ia in such a: i 
condition in respect to tempei'atui'e as to create tbe eensa- i 
tion of warmth in ns when we put our hands into it, not 
that it feels any sensation of warmth in itself. 1 

It is plain that there can be no sensation of any kind in , 

the fire or in the water, an idea which is quaintly expressed I 

in the well-known distich — I 

' ' There's no warmth in the fire that heats yon, \ 

Thttn there's ache in the BdcX that beats yon." ] 

i In the same manner, it is true that there is no sound in 
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the belL There are vibrations Ie the hell which produce 
the sensation of sound in tta, but no uuch sensation can ex- 
ist in the bell. 

Another very Btrilting illuBion may be created by the 
wnse of feeling. If you cross your middle finger over the 
fore fingei', and place a pea, or any other small round ob- 
ject, between the ends thus crossed, and roll it between 
them in the palm of your hand, you have a sensation of 
two peas, especially if you shut your eyes. The illusion is 
Tery strong if you perform the experiment upon another 
ifpersoD — a little child, for example^not letting htm know 
beforehand how many peas there ai-e. Indeed, the effect ia 
■produced, though not so strikingly, by feeling of any email 
object, as the end of your little finger, with the two fingers 
crossed as above described. 

No one will have any difficulty in admitting that these 
sensations are illusory, but I do not expect the reader will 
eoe quite so easily how our senses deceiva as in the other 
cases of illusion that I have named, such as that of the col- 
OTB in nature, Iho rainbow on the cloud, and the arch in the 
Bky. 

Lawrence was talking on this subject one day in Paris 
with John when they were on their way to bi-cakfaet, 
kboBt twelve o'clock. In France the midday meal, which 
in the cities in America is known as luncheon, is called 
breakfast. They have dinner there at from five to seven 
in the afternoon. It is true that they generally take a cup 
of coffee and a roll early in the morning, when they first 
rise, bnt they call this simply " taking coffee." The regu- 
lar breakfast comes about noon. Lawrence and John had 
taken coffee that morning at their lodging, and now were 
going to a restanrant for breakfsist, and their way took 
them across the garden of the Tuileries, which are heauti- 
ftil public gardens in front of the palace of the Tuileries, 



and are frequented by great numbei-B of people every pleas. 
ant day. There are broad and handsome waits, and groves 
of treeB, and seats, and smooth open spaces where children 
play — the children being usually good-natured and verj 
polite to each other, as is the custom in France. 

Lawreuce and John were seated together upon chiurs 
near a maasivc group of statuary in these gardens, talking 
together on the subject of optical illusions, and Lawrence 
bad already said to John what has been stated in this chap- 
ter, when John's eyes accidentally fell upon a group cob- 
sisting of a gentleman and lady, with an elegantly di-essod 
boy accompanying them, who were walking at a. little dis- 
tance. John did not recognize the boy as any person that 
he had ever seen before; indeed, he did not pay particular 
attention to him, as his mind was occupied with listening 
to what Lawrence was saying, when all at once the boy 
suddenly started and came running toward the seat where 
Lawrence and John were sitting, waving his cap and call- 
ing out, Sae a papier! Vive lajoie! He paid no atten- 
tion to his father, who, In very eameat and aiithoiitative 
voice, was calling upon him to stop and come back. John 
did not i-ecognize him at first, but he soon saw that it was 
Flippy. Those who have read the volume of this seiies 
entitled Heat will remember Flippy as one of John's fel- 
low-passengcra in crossing the Atlantic. 

The shouts that Flippy uttered were French exclama- 
tions, common among French boys on such occasions, thu 
first being expressive of surprise, and the other of exulta- 
tion; but how the phrase Bag for paper 1 has ever come 
to be used for an expression of surprise would puzzle the 
most learned philologists, one would think, to determine. 
Flippy was beginning to learn French, and such cxpre^ 
sions as tliese, when he heard them, made a great impre^ 
a on his fancy, and he used them on every occasion. 
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Flippy's fkther and mother, as soon as they perceived 
that it was Lawrence and John, their old fellow-passen- 
ge.rs, that their boy had discovered, came to the place, and 
seemed much pleased to meet them again. After con- 
versing with them a few minutes, they took their leave, 
saying at the same time, " Come, Flippy." 

But Flippy, who was not under very good government, 
reinained on his seat, saying, "No, I am going to stay with 
John," 

"But, Flippy," said his mother, remonstrating," it is time 
for us to go to breakfast." 

** Have you had breakfast, John ?" said Flippy, turning 
to John. 

" No," said John ; " we are going now." 
" Then I'm going with you," said Flippy. " Mother, you 
and father can go along ; I am going with Mr. Lawrence 
and John." 

Flippy's father smiled ; he seemed to look upon a disa- 
greement of this kind between Flippy and his mother as 
an amusing contest, in which there was no occasion for him 
to interfere. 

"But, Flippy," said his mother, in an expostulating tone, 
" Mr. Lawrence does not want you ; he and John have 
plans of their own." 

" Yes, he does want me," said Flippy. " Don't you, Mr. 
Lawrence ?" 

"I don't like to have you disobey your mother," said 
Lawrence ; *' but, so far as John and I are concerned, we 
should like to have you go with us very much ; and, if you 
have no serious objection, Mrs. Gray, we wish you would 
give him leave. Have you any ?" 

" Oh no !" said Mrs. Gray ; " I have no objection ; only 
you will find him very much in your way, he is such a 
heedless and troublesome boy. I don't think he really 



means to he disobedient ; indeed, he usually obeys me 
well — when he has a little lime to think," 

So it was all arranged, aud Mr. and Mrs, Gray, leaving , 
Flippy with Lawrence and John, went away. 

Pretty soon Lawrence and the two boys rose from thai 
seats and began to walk slowly along on their way to the 
Palais Koyal," where they were to have their breakfast. 
As soon as they commenced their walk, John asked Law 
rence to go on with what he had begun to say about illu- 
sions. 

"He is showing me that there is no green In the graaa," 
said John. 

" Ho can't make me believe that," said Flippy ; " I know 
there ia green in the grass, for I can see it. Look there 1" 
he added, pointing triumphantly to a beautiful green grass- 
plot which they were just passing. 

Now Flippy was perfectly right in saying that he could 
see the green color of the grass. We all see it. But the 
question is, what is the i^reciae meaning, in a philosophical 
sense, of seeing any thing. It means that a sensation is 
produced in our minds through the organ of the eye — a 
sensation, namely, of color — the cmise of which is in the 
outward object, while there is, however, no sensation of 
color in the outward object itself, but only a mysterious 
something which causes the sensation in ns. 

" Do you think there is any prick, such as you feel, in 
the point of a pin ?" asked Lawi'cnce. 

" It pricks me, at any rate," said Flippy, 

" Yes," replied Lawrence ; "or, as we say phUosophically, ' 
it cauHCB a pricking sensation in you, but there is no such 
sensation in the point of the pin ; there is only that in it 
which produces the sensation in you. It is much the same 
with what we see. Greenness, as a sensation or perception, 

• Pronounced Palloy Rmo^all. 



is in iM. The cause of it is in tbe grass, but there is no 
erasation of it there." 

" I don't undei'Btand it very well," said Flippy, " but all 
I know is, that I'm eure the gi-ass is green and the sky is 

"How is it about the image in a looking-glass?" asked 
Lawrence; " do yoa think there ia any thing really there, 
wlicn yon think you see your face behind it ?" 

"Why— no I" said Flippy, reflecting a moment; "but 
that's a different thing ; besides," said he, " there must be 
an image somewhere or otlie)', and somehow or other there, 
for I sec it." 

Flippy'fi reply was not very consistent with itself, it 
most be admitted, as those whose convictions are con- 
'Olled altogether by appearances, and by impressions made 
pon the senses and the imagination, and not rectified by 
iftfion, are very apt to bo inconsistent. Truth is always 
insistent with itself, but error never. 
After some farther conversation of this kind, the party 
>ached the restaurant at the Palais Royal whera they 
■ere to take their breakfast, and tlicy were so much occu- 
icd witli the scenes and incidents which attracted their 
ttention there that they said no more and thought no 
tore of the subject of illusions at that time. Flippy, how- 
rer, was not at all to blame for being so entirely under 
le dominion of hia senses in respect to his ideas of the 
jal character of the phenomena that manifested thera- 
■IveB around him. He was very young, and, though Ills 
mses were in complete and perfect operation, his reason 
'as yet only partially developed. It is only slowly, and 
y a gradual advance toward maturity, that the thinking 
Dd reasoning faculties become strong enough to assert 
beir power, and to enable us to distinguish between what 
I apparent and what is real. A little child thinks the 
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rocks and trees are actually moving when for the first time 
he passes rapidly in a steamer along the banks of a river. 
He can hardly be persuaded that they do not move. The 
images of them do really move among each other on the re- 
tina of his eye^ and he thinks that the objects themselves 
must move. If you whirl a burning stick in the air before 
him, he sees a ring of fire, and he thinks there is a real ring 
of fire there, if he is very young. There is a real ring of 
the color of fire on the i*etina of his eye, and he thinks there 
must be a real ring conforming to it in the air. 

When he grows a little older, he understands that in 
these simple cases the appearances do not correspond with 
the reality; but other illusions remain, and are only One 
after another slowly discovered to be such, as his knowl- 
edge increases and his reasoning powers become gradually 
unfolded. I presume there are many readers of this book 
whom it will be hard to convince of the illusory nature of 
t/ie deceptive appeai*ances described in the next chapter. 
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CHAPTER XXIV. 

ILLUSIONS EXPLAINED. 

Thebe are few persons whose ideas of the reality, in re- 
spect to external nature, are not still so far under subjec- 
tion to the impressions of the senses that they are not 
easily to be convinced that the arched appearance of the 
sky is an illusion. 

In conversing on the subject with John a few days after 
the breakfast with Flippy in the Palais Royal, Lawrence 
reasoned in this way : 

" The arch in the sky, that looks so much like a reality, 
seems^ to come down to the ground at a distance of per- 
haps four or five miles from us." 

John admitted this, only he had always thought it was 
farther than five miles to the place where the sky seemed 
to come down to the ground. 

"It makes no difference," said Lawrence, "what we sup- 
pose the distance to be. Call it ten miles, if you please. 
Whatever the distance is, if we go to that place we shall 
find the sky as high there as it is here. Thus, wherever 
we are, we have a sky over our heads as high and as arched 
in one place as in another. If there were any thing real 
in this arched appearance, the whole sui*face of the globe 
would be covered with domes, like inverted cups, cutting 
each other. in every conceivable way. This idea is evi- 
dently absurd. ' The truth is, that the dome-like form of 
the sky is ah illusion. It results from certain laws in re- 
spect to the motion of light, and the effect which is pro- 
duced upon our sense of vision by rays coming from dif 



ferent dietancea and in different directions, bo that the im- 
age of a dome is formed on the retiua of our eyea when 
there ia nothing in external nature to conform to iL" 

ThuB the vaulted appearance of the sky ia the creation 
of our BGDses, or, rather, of our minds under the Ulusive 
evidence of our eenses. The vault forms itself over our 
Iieads wherever we are, and we carry it with ub wherever 
■we go. Each person has Iiia own sky, corresponding to 
hia own position, wherever it is, and it is a different one 
from that of any person who is in any different position. 
There may be many ohjecta common to both, and those 
which are at a great distance may be very nearly in tlio 
aame relative position, but they are really different; so 
that, wherever we go, our senses form for us continually 
an evei-Kihanging sky over our heads, in which the objects 
appearing in it that are comparatively near, audi as the 
clouds, kites flying, birds, and the outlines of distant 
mountains, or the summits of spires tall enough to appear 
in the sky, as we move, continually change their relative 
positions, and some of them Anally disappear, while other 
objects come into view to take their places. In i-espect to 
these various objects, there is for each a reality which pro- 
dnces the image of it in our minds ; but as to the vaulted 
appearance of the form which the assemblage of them as* 
sumes, it is all an illusion. 

The nature of the illusion is partly explained by the fact 
that objects appear smaller at .1 distance than when near. 
Thus, of two ships, the mast of one which is near appeurs 
much taller tlian the one which ia at a distance — iliat is, 
the top marks a much higher point in the sky, thongb tho 
one may be really no taller than the other. 

We see this plainly illustrated by the masts of the two 
whale ships in the engraving on the opposite page. 

It results from this principle that, in the case of an 




ect approacliing us from a distance, the top of it, while it 
eally rcmaiDS always at the aamo level, appears to rise. 
!!his is the explanation of the apparent rising of the clouds 
I the weateru sky on a summer's day, and, iu part, of their 
lereasing magnitude as they draw near. It is true that 
loads may, and often do, rise and descend in some degree 
■ ascending or descending currents in the air, when such 
sppen to exist, may chance to waft tliera. But any real 
hangee of elevation produced in this way are very small 
nd insignificant compared with t!ie immense apparent 
scension of the clouds as they advance from the horizon 
I> our zenith. The whole of that, substantially, is a mere 
Inaion. 

The nature of the effect is shown clearly when we sec a 
ock of birds approaching as in a long line. Those which 
re near us look far higher, when we regard their apparpm, 
iDNtions as gioints projected against the sky, than thoso 



which are remote. When the objects are birds (and we 

> know that, eince they belong to the Bame flock, and are 

consequently of tlic same species, they must be of substaa- 

tially the same size), the difference of apparent size sug- 




|,ests at once to our minils the difference of distance, and 
BO enables us unconBcioubl} to conect the false impreaaion 
which would otherwise be produced ; but inasmnch as, in 
the case ofclouds, of the real magnitudes ofwhich wehave 
no means of judging, there is nothing to coiTcct the sensi- 
ble impression, their apparent rising, though an illusion, 
has the full force of reality iipon our minds. 

le ^Jittering colors which we think we see in " ' 
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if dew, which make us imagine that one is green, aaotber 
Dse-colored or oiange, and another blue, arc also illusions, 
lEsch drop Bcparatcs the beam cf light which Btrikcs upon 
t into its component Iiucr, or, rather, into the diflerent vi- 
VatioDS, or othei forms of faice by which the couceptiou 
if these different hues are awatened in our minds, and 
snda them off in different directions, and the drop that we 
se seems to be of the color of the particular huo which 
omes from it to our eye. It'we move our eye a little way 
■e coroe into n position when a different portion of the 
Kctrnm falls upon it, and the drop which a moment be- 
bre looked rod now looks green. Of course, of different 
Tsons looking at different drops, no two would see the 
tne colors in the same drops. A drop that would semi 
iblne ray to ouo would send a yellow ray to another, and 
p a third perhaps no light at all. 
Of course, when I speak of a ray of any specified color, I 
lean a ray having the power to produce the sensation of 
kat particular color in our minds. 

Tha case is somewhat analogous to this in the phencm' 
BOD of the rainbow. When there is a dark cloud consist- 
jg of falling drops of rain in the east, and the snn comes 
Dt bright in the west, the rays, striking the drops, are 
rned back by reflections and refractions, and are sepa- 
'aA into their component parts precisely as they are by 
bnilar drops of water in the dew. These different classes 
►frays are sent off from every falling drop in every possi- 
»le direction, so that the whole atmosphere — all around us, 
i through the whole space between us and the cloud — 
9 filled with these innumerable radiations, crossing each 
Klier in every conceivable manner, but without any scnsi- 
ile interference, or interruption of one by the other, or 
he least confusion in the sensations of color which these 
BUDensely varied vibrations, if they are really vibrations, 
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are capable of exciting in our minds. What 

Bucb a time in tlie action of the sun'a rays 

of falling rain consiitutea one of the most wonderfal 

Domena in natuie^one the possibility of which would b» 

utterly inconceivable by us if there were not the most ir 

refragable proof of the reality of it 

Now the manner in which these descending drops sepa- 
rate the sun's rays falling upon tliem, and send the diSei*- 
ent portions radiating in various directions in such a man- 
ner as to fonn upon the retina of the eye of any person 
looking at the cloud the image of a rainbow, is somewhat 
difficult to be explained. Sometimes a picture of a rain- 
bow is made, with lines to represent the course of the rays 
drawn from it to the eye of an observer on the ground, 
who is also represented in the picture. But such a diagram 
tends rather to confuse the ideas of the student than to aid 
him, first, because it represents the bow on the cloud as a 
reality, when there is no such reality there, and, secondly, 
because the image of it in the eye could never appear to 
be in the same position for the observer shown in the land- 
scape and for the person looking at the picture. The rain- 
bow ia sometimes even represented as foreshortened by 
perspective, as if it were a solid arch of many colors built 
into the sky. Now the idea of a rsinhow foresho/'lened, as 
if seen obliquely, if not involving a contradiction in tenns, 
is ceitainly a philosophical absurdity. 

I shall therefore endeavor to give the reader some idea 
of the general principle on which the rainbow image is 
formed in the eye by means of the drops of falling rain, 
without any engraving to illustrate it, tbongh I have sev- 
eral at hand made expressly for the pui-pose. I only ask 
the reader to imagine himself to be looking out at the door 
towai-d the east on a anmmer afternoon, just after a shower 
has passed over, and the cloud lies in the eastern Bky,whiid 
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B tlio eon has jUBt come iuto view, breaking through 
H i^ouda ia the west 
■ In the shoTrer-cloud ia the east the rain is still falling; 
H the sky in that quarter is full, in fact, of falling drops. As 
9 the rays of the sun enter these drops, they are at fii-st re- 
li fracted at the surface where they enter, and are partially 
separated into their component portions. When they reach 
the back side of the drop, some of them strike it at Buch au 
angle that they are reflected by the inner side of tliat sur- 
face, jnst as the light is reflected from the wwrfer side of the 
ttpper surface of water ia a tambler, as has already been 
ctplained. T!io reflected light, then passing out on the 
front part of the drop — that is, on the side toward the sun, 
the &ame by which it entered — is there refracted more, and 
the rays tbea come back toward the west again, those char- 
•cteristio of the various colors being separated from each 
oUter, and diverging more and more widely as lliey pass 
through the air. 

Now one would suppose that, this being the state of 
the case, ike wholo air would be filled with these radiating 
colors, or, rather, with the difterent radiations capable of 
producing these different colors, and that is the fact. But 
it is proved by the most exact and profound mathematical 
(ulcalations that any individual drop must be in a certiun 
rccise and determinate position in reference to the ob- 
server in order to send tlie rays of any particular color — 
^c green, for example — to his eye ; and that all the drops 
frbich are in the same relative poeiliou will send the same 
rays to him; and those which are in the same relative po- 
sition arc those which come in the range of a circle of 
which tlie point opposite to his eye, in relation to the sun, 
■ the centre — that is, the point determined by a lino drawn 
Brom the snn, through the position of his eye, to the cloud, 
rhns, if adropnt a certain distance above that point sends 
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,& green ray— or, more etrictly, a. green-producing ray— to 
his eye, all the other drops in the range of a great circle 
drawn at the same distance from the central point above 
named will do the same. But, as the sun is above the ho- 
rizon, the central point of this ciicie, which is the point ex- 
actly opposite to the sun, must be below it, and, of course, 
less than half the circle will come upon the sky; but all 
the drops which come at the same distance from the centre 
in that portion of the circle which has rain-drops in it will 
send green rays to the eye. 

Now it is evident that if an ^e in any given position is 
in the range of the green rays from any drop in the cloud, 
it would be out of the range of its yellow or its blue rays, 
and that the drops which would send these rays to his eye 
wonld be for the one color above, and for the other below 
the one which sent him green-prod pcing light. Each of 
these, too, would have its circular band of drops formed 
of all those that were at the same distance from the cen- 
tral point with themselves, all of which would take effect 
in sending those component parts of the solar ray to the 
eye, which would produce there the sensations of their 
color. Thus, while the whole sky is filled with felling 
^ drops, each of wliicli is sending the same diversified radia- 
tions in precisely the same manner, only those radiations 
of any particular color would reach the eye of an observer 
in any one place which came from drops within the range 
of a circle drawn at a certain distance from the point op- 
posite to his eye, and thus would be produced the appear- 
ance of concentric colored bands. 

Of conree, if he moves his position, he brings himself 
into a con-esponding range of radiation from a new set of 
drops, and so changes the position of tlie rainbow in 
cloud. In other words, he forms the rainbow for himself, ! 
wherever he stands, out of the light coming from the drops j 
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^bioli are in the right position in relation to the place of 
e eye. Aa he moves, he carrieB the apparent place of the 
runbow with him', and two persons standing side by side 
Bee different hows in this sense, namely, that the rays that 
produce the image in their organs of vision respectively do 
|tot come from the same drops in the sky, and the bows are 
lot eeeu iu the same poeition. It would perhaps bo too 
Dncb to Bay that they do not see the same bow in any 
jDEe, as the question in what the identity of a rainbow 
really consists is one which might very naturally give rise 
10 great diSei'cncc of opinion. 

It is, however, at any rate, perfectly sure that the rain- 
IK>w IB not an object real and fixed upon the cloud — one 
Hrhich ve look at as we do at the cloud itself, or at the 
noon, or a star. As a real existetice, having the form and 
ippearance which it preseiits to our vision, it is an illusion. 
It exists only in the eye of the one who looks upon it. 

Thns wo see that many things which we are apt to con- 
leive of external objects having a real existence, or as 
pialttiefl of external objectp, are, in reality, ideas or sensa- 
tions in us. This truth applies to the impressions of the 
Uher senses, such as the hearing, the taste, and the smell, 
le well as to the sight. The words sweetness and saltness, 
for example, denote sensations, and, of coui-se, there can be 
sensation of any kind in sugar or salt. There can only 
e that in them which excites these sensations on the 
tongue which tastes them. 

It is evidently so in regard to all the impressions made 
Upon our senses. External objects communicate some 
form of force to our organs by which certain sensations 
■TO awakened in our minds, but these sensations do not 
tod can not exist in the objects themselves. 

Understood in this way, it is obviously true, as Law- 
nenee said, that thera is no imago in the mirror, no bow in 



the cloud, no arch in the eky, no green or gold in the dew, 
no color in the grass or the flowers, no sweetness in sugar, 
no fragrance in the rose, no sound in the hell, and no 
warmth in the fire, but only phenomena taking place in 
the external objecta which have power to cause those aen- 
sations in a living being. 

The conversation between Lawrence and John, which 
was interrupted by the dinner at the Palais Royal, was re- 
sumed after dinner. Flippy was quite interested in aueh 
portions of it as he could understand,* and that evening at 
tea he put his knowledge to the very questionable use of 
playing a joke upon his rdother. Just as they were ready 
to leave the table, he took some sugar out of the sugar- 
bowl with a spoon, and. wetting his finger, touched a little 
to his tongue. 

"Why, mother," said he, "there's no taste in this sugar I" 
"No taste 1" repeated his mother, surprised, 
" No, mother," said he ; then he tasted it again, 
"Let mo see," said hia mother; and, taking the spoon 
from his hand, she tasted it hci'self, very daintily, as if she 
expected that it would taste like salt. She found, how- 
ever, that it was good, sweet sugar. 

"Why, what do you mean, Flippy?" she said. "This 
sugar is all right; there is aa much taste in it as in any 
sugar." 

" No, mother," said Flippy, " the taste is not in the sugar, 
it is all in your tongue." 

So saying, Flippy seized his cap and ran off, leaving his 
mother half vexed with hia having played a joke upon her, 
and half pleased with his ingenuity and fun. 

" Some of the nonsense he has got from Mr. Wollaston," 
Bhe said, turning to Mr. Gray with a smile, " I'll engage." 
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CHAPTER XXV. 

FORMATION OF IMAGES. 

Light tends always to move in right lines in proceeding 
from its source. There are, however, two very striking and 
marked modes by which it is deflected or turned from its 
course. The first is called reflection, and the second re- 
fraction. 

When the light, in its progress, falls upon a liquid or a 
solid surface that is opaque^ a portion of it — sometimes a 
very large portion of it — rebounds, as it were. This is 
called reflection. When it falls upon 2m^ transparent liq- 
uid or solid, it passes in ; but, except when it enters per- 
pendicularly, it is bent somewhat out of its direct course 
in entering, and also again in emerging on the farther side, 
if it does emerge. Thus we may say, in general terms, that 

Heflection is the turning back of a ray of light, or a por- 
tion of a ray, in falling upon a surface which does not al- 
low it, or the whole of it, to pass through ; while 

HefractioJi is the bending of a ray oi' light, or a portion 
of it, in entering and leaving a substance which does allow 
it, or a part of it, to pass through. 

Probably many of the readers of this book may have 
known this before, and they may also know some other 
things that I am about to state, especially those in respect 
to reflection. Indeed, some of these facts have already 
been referred to in a preceding chapter. But, even if you 
know certain facts individually and separately, it is a great 
advantage to have them brought together and stated in a 
systematic manner, so as to show them in their relations 



to each other, and thus, as it were, to connect what would 
otherwise be isolated facts into one systematio andharmo- 
DiouB whole 

To know facts Boparately, without any understanding of 
their connection with, and bearing upon each other, or of 
the general principles which they individually ciemplify, 
j»nd to act only upon knowledge lying in that form in the 
mind, is called empiricism/ bnt when the same facts arc 
ari'angcd in systematic oi'der, bo that their relations to 
each other, and the general principles which they severiilly 
exempliiy, are brought to view, the knowledge becomes 
ectent^c. Accordingly, in what I am about to state in re- 
spect to reflection is intended to arrange in your minde in 
a somewhat scientific manner facts most of which, and per 
haps all of which, you already know in an empirical man- 
ner. 

When any opaqnc snrface is piano, smooth, and highly 
polished, so that all the portions of it on which the light 
strikes present themselves to the rays at the same angle, 
each ray is i-eflccted in the same manner — that is, accord- 
ing to the same law, and, after reflection, they all proceed 
in the same directions in relation to each other as before, 
though in relation to sunonnding objects the direction of 
the whole beam is turned, 

The consequenec is, that light so reflected enters tile eye 
precisely — in respect to the character and constitution of 
the beam — as if it had not been reflected, only it comes 
from another direction y the object from which it comes 
of course appears of its proper form and size, and only 
seems to be in another place. 

This is just what takes place when we see any thing re- 
flected in a plane mirror. The engi-aving ropresenta the 
course of the rays of light in such a case, taking those 
anating from one point, namely, the tip of tho flame, for an 




example. The light radiates from this point, of conrse, In 
bU directions, though only the portion of it which ultimate- 
ly reaches the eye of the observer is represented by lines 
in the drawing. This portion diverges as it leaves the 
point of the flame till it strikes the glass, which is seen 
edgewise in tbe centre of the picture, and then, after reflec- 
tion, continues to diverge just as before, on account of tbe 
fact that tbe glass being plane, every ray is reflected in 
tbe same manner, and the whole pencil or beam continues 
■Its course, after reflection, without change, except in its 
general direction/ and as the imago in the eye of the ob- 
server is determined by the character of tbe rays as they 
enter his ej/e, the tip of tbe lamp flame will appear as if it 
was situated as far behind the glass as it is in reality be- 
fore it. 

It is, of course, the same with every other point, both in 
tbe flamo itself, and in all the parts of the candle and the 
candlestick, although, to prevent confusion, those from only 
one point are represented in the engraving, and of those 
issuing from that point, only that small [lortion are drawn 
which ultimately roach the observei^s eye. 

The engraving tbns fails to represent the facts as they 
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are in two respects: first, it shows an image behind the 
glass, when in fact there is, in reality, no such image there ; 
what is meant to be shown is that the rays enter the eye 
just as if there were such an image ; and, secondly, the il- 
lumination from one radiant point only is shown, and of 
those only that portion that finally enter the eye, while in 
reality the rays proceed in every direction, both from that 
point and from every other, those from each point crossing 
those from every other point — every where — and in mil- 
lions of intersections, which it would be impossible to rep- 
resent in any drawing. Indeed, the case presents to our 
conceptions phenomena so marvelous, that if we consider 
eveiy ray as a distinct and independent undulation, we can 
hardly pictui'e to our minda such a maze of crosBings and 
interminglings, made without disturbance or confusion, as 
a possibility. 

If, instead of a silvered glass, forming a proper mirror, a 
plate of plain glass were to be used, the effect would be 
substantially the same. It would, in fact, be exactly the 
same if proper precautions were taken to prevent the trans- 
mission of light from the other side of the glass to mingle 
Avilh and confuse that which was reflected, or, rather, to 
mingle and confuse the two seta of images which they 
wonld respectively form on the retina of the eye. Tlie sev- 
eral rays of light would not confuse or disturb each other 
at all on their passage through the air. Each would pur- 
sue its own way unimpeded by the rest, and each set wonld 
form its own image on the retina. It is only tbe mind that 
would be confuBcd in its efibrts to separate and distingniBh 
the images. 

If, now, the reflecting plate of glass, instead of being 
plane and uniform throughout its whole surface, were to 
bo broken up, and the fragments thrown in confusion into 
a basket, it is evident, as was briefly exjjlained in the chap- 
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teni on speotrea and ghosts, that the image seen in the frag- 

mentary sm-facea would be divided, and the portiona va- 

^Ljiously dispersed; for the broken surfaces of the glass, 

^Kbeing inclined to each other, would form ditferent angles 

r with the rays incident upon them, and would reflect them 

differently, and thus a mass of confused and disjointed 

gleamingB would be the result. 

If, instead of being broken into fragments of sensible 
eize, the glass were to be ground into a fine powder, the 
particles would still reflect the light falling upon tliem, bat 
the rays would bo mingled in inextricable confusion, and, 
instead of producing any distinct images in the eye, or 
even distinct portions of images, they would only produce 
the impression of a general white light. 

This is supposed to be tlio manner in which the sensa- 
tion comes to us from any white substance. TIio comiio- 
rition of the surface is such that it takes up the light tliat 
fells upon it, and reflects it to our eyes in a confused med- 
ley of Warns that can form no image on the retina, but 
lOnly pi-oduce n general luminous effect. 

If, however, we contrive by artificial means to smooth 

id polish any white surface, as that of marble, for in- 

anee, we can impart to it the jiuwer of faintly and indis- 
linetly reflecting an image — that is, by the process of pol- 
ishing, we form among the particles so many faces lying in 
the aatne plane, that by their combined effect they throw a 
CnfliciGiit number of rays, coming from any object near, in 

regular manner to the eye, to form an image distinct, 
IKrhaps, in its general features, but faint, on account of 
these rays being mingled with others coming in eoiifuBiuu 
ftora the particles which are not in the same plane. 

ThlB, then, is the explanation of tlie manner in which the 
sensation of whiteness is formed in our organs of vision. 
A surface that appeal's white reflects the light that falls 



upon it in a confuaed and iiregular manner, eo that it pro- 
duces upon the retina of the eye no image regularly re- 
flected, bat only a general impresaion of light. 

But some surfaces, which have such a constitution in re- 
spect to the disposition of their particles that they can only 
reflect the light that falls upon them in a confused and ir- 
regular manner, seem to have in them some mysteriouB 
power of making a selection among the rays thus falling, 
and, while a portion are reflected, the others disappear. It 
is customary to say that they are absorbed — that is to say, 
in the case of gi-een leavci and grass, for instance, the ordi- 
nary wiiite light from the sun falls upon them, but is not 
reflected aa wkite light. Of the seven primary colors of 
which the white light ia composed, all hut the green are 
in some way apparently suppressed or estinguished. The 
greeu is reflected, and, coming to our eyes, produces there 
the sejisation of green. So we say the grass is green, 

It is, of course, an important and curious question what 
becomes of the rays wliich disappear. They are said to 
be absorbed — that is, that they enter in some way into the 
loaves or the grass, and remain there. All light, whether 
we can correctly picture it to our minds as a vibratory or 
undulatory motion or not, ia undoubtedly the action of 
some form or some kind of force, and the prevailing idea 
among scientific men ia that that portion of this force 
which represents green is turned back from the grass- 
blade, or the leaf of the tree, into the aii", while the re- 
mainder enters the tissnes of the plant, and is there con- 
verted into some other of the numerous forms of hidden 
force which is always in action among the molecules or 
atoms of all substances, and on which the jjropeities of the 
EubstancGS and the changes wliich they undergo depend. 

It is the same with all the other colored substances eX' 
rting iu nature or produced by art. They have tho power 
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of absorbing all of the light whicti falls upon tliem except 
tbat portion which forms the color which they preBeot to 
the eye. And this, as was etatcd at the close of the last 
chapter, is the philosophy of color. 

In respect to the regular and systematic reflection which 
is produced fi'ota smooth and polished surfaces, if the anr- 
facGB arc piane, the rays are reflected, as has already been 
explained, in such a manner that their relative condition 
in respect to each other is not changed. The whole beam 
is turoed out of its coui-se, it is true, hut without any 
'Change in its internal constitution, and the image which it 
a capable of producing in the eye is not changed in its 
brm or in its magnitude, but only in its apparent place. 
'hen the reflecting surface is not plane, but is of some 
.other regular mathematical form, as, for example, when it 
a concave, convex, cylindrical, or conical, the rays are re- 
flected with regularity, so as to form images on the retiua 
of the eye ; but these images are enlarged, or diminished, 
or changed in various ways, according to the efloct of the 
5 in modifying tho directions of the rays in respect 
1 each other. Tlie eye, it must always bo remembered, 
ut take cognizance of the rays only when they enter it, 
ltd is wholly unconscious of any change of direction which 
Ihey may have been subjected to on their passage. 
There is a very curious piec« of apparatus, called the 
tagic telescope, which serves admirably to illustrate this 
inciple. 

There ia a stand with a concealed channel passing 
krongb it, in which small square pieces of looking-glass 
e fixed at angles of 45°, one at each end. Above these 
nds aro two upiight tubes which have the appearance 
aly of simple supports, though they are really liollow. 
Upon each of these supports aro two short tubes, like tele- 
iope tubes, with an open space between them. In each 
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of these tubes is a piece of looking-glass like those below, 
and they are placed in sucli a manner, at an angle, that 
light fi-oin any object — a candle, for instance, or a finger, 
or a key — placed in front of one of the tubes, 13 reflected 
down into the channel in the stand, thence along the chan- 
nel, and lip through the other tube to the eye of the ob- 
Berber. A big stone, then, or any other object perfectly 
opaque, may be placed in the open space between the two 
tabes, and a person looking through can see the candle or 
the key apparently through the stone, by means of the 
light which is carried down through the stand by the re- 
flectors. The eye of the observer takes cognizance of the 
rays as they enter the eye, and jndges of the position of 
the object from which they proceed solely from the direc- 
tion in which they come in thus entering. 

And BO it is in all cases. By means of reflectors of va- 
rions mathematical forms, the course and relative direction 
of any rays can be changed in almost any conedvable man- 
ner, and made to enter the eye in any condition, as to di- 
rection and power, that Ihe experimenter may please ; 
whatever may bo the surface which reflects any light, 
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'% regular and mathematical form, tbe precise effeo 
it will produce upon the rays, and the condition i 
they will entef the eye after reflectio 

id,aDd tlie kind of image which will be formed asoet^ 
jhoibrehand. Sometimes the image is dimir'- 

imea it is magnified ; sometimes it is multiplied, and 
mea it is rcvci-aed. The latter tates place when the 
re made to cross each other before they form the 
on the retina, aa may he iUuatraledby the image of a 
formed upon a screen in a dark room, after the rays 

Bach other in passing through a very small orifice, 
efiects produced by the refiection of light i) 

Ions kinds, in rcspeut to tlic confoiination of the r 




FORMATION OF I 

fiecting surface, are very surprising and yery beautiful 
Tliey are all, however, the aubjccts of very exact, though 
quite intricate mathentatlcal calculations. If the mirror is 
convex, it gives a diminished image of the object, as you 
see ■when looking at your face in the back of the bowl of a 
bright silver spoon. If concave, an enlarged image when 
the object is held near, but a dlminutivo one if held at a 
greater distance, as may be Observed in tho inside of the 
bowl of the spoon. 

If the mirror is cylindrical or conical, the image is very 
curiouBly distorted ; but the distortion is all subject to ex- 
act calculation, which is so certain in its character that the 
reverse effect can be produced by calculating and drawing 
a distorted picture such that when reflected it shall coma 
true. 
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engraving, where the drawing on the card below, which 
would seem to be a wholly unmeaning scrawl, is brought, 
by reflection in a cylindrical mirror, into a very significant 
image. 

The study of the effects produced by the reflection of 
light from the various geometrical surfaces forms a branch 
of mathematical science of a very difficult and complicated 
character. 



I^WS Of EEFLECTION 




CHAPTER XXVL 



LAWS OF EKFLECnON AND REffBACTION. 

"When a ray of ligtt passes from the air through any 
transparent medium which is denser than air, as glasa or 
water, for instance, if it enters and leaves the denser medi- 
um at right angles to the surface, its course, it will be rec- 
ollected, is not changed in its passage, but if it enters or 
leaves at any oblique angle, it is turned somewhat from ft 
straight course both in entering and leaving. 

Now we have seen in the case of reflection that, inns- 
much as the direction in which a ray is reflected depends 
upon the angle ai which it strikes the reflected surface, it fol- 
lows that when the surface ia curved, the different rays of 
any pencil or beam will be reflected differently, because the 
curvature of the surface makes the angle at which the ray 
is reflected different from what it would be if the surface 
was plane, and thus the condition of the rays in relation to 
each other ia very materially altered by such reflection. 
Parallel rays may become convergent or divergent, and. 
divergent rays may become convergent or parallel. 

It is the same in respect to refraction. If the surface is 
plane, so that all the rays entering it are subject to refrac- 
tion under the same conditions, they are all bent in the 
same manner; and if they at last enter the eye and form an 
image, the image is not changed in any thing except in ap- 
parent direction from which the rays forming it come to 
the eye. 

This is what happens when we look at an object seen ob- i 
liguely under water; it seems raised somewhat, but is not I 




MATHEMATICAL 

Uered m sbape. In the experiment of the bent pole, for 
ramplc, the part which is beneatli the water seems bent 
pward, but not otherwise altered— that is, the rays of 
^bt being all refracted in coming out of the water, with- 
Dt any change in their relative positions, but only in the 
irection in which the whole system enters the eye, the 
ibmerged pole ia altered in position only, and not in 
hape. 
Of course, as tliei-o is absolutely no limit to the forma of 
wed surfaces, nor to the changes in the character and 
Dndition of the different beams and pencils of light falling 
(On them, the phenomena resulting both from reflection 
id refraction are infinite in number and variety. To un- 
eretaud the subject fully, in all its possible ramifications, 
mat, of course, transcend the power of the human mind; 
r the circle of phenomeiia widens and expands in every 
action, and the facts-tun into an infinity of complicated 
^ails, where, of course, the finite powers of the human 
ind can not follow them. The study has, however, been 
irrled very far by mathematical opticians; and the invea- 
gations which they have made, and the engravings which 
|Te been csecuted to illustrate the results, fill volumes. 
^woald not be possible, in such a work as this, to give 

immary of these reBnIls, 
There is, however, both in the case of reflection and re- 
totion, a simple general principle on which all these re- 
Its depend, and which it ia important that every one 
iSuld have in mind. This principle is in each case the 
ly to all the phenomena, however com|ilicated, and it en- 
ables us, if we possess it, to understand a great many won- 
derful effects taking place every day around us which 
would be otherwise mysteriona and unintelligible, I shall 
^lain these two principles as well as I can, first in com- 
B language, and then give the mathematical expression 

1 



3 shall sec is far more definite and pre- 

In the case of reflection, then, the light robonnda, as it 
were, in a manner almost precisely analogous to the re- 
bounding of a ball. If it comes to any surface in a Bloping 
direction on one side, it gooB off in a precisely equally slop- 
ing direction on the other side. If a boy standing before 
a wall throws Ids ball sqaai'cly against it, it comes back 
squarely toward him. If he throws it in an oblique direc- 
tion upward, so that it strikes the wall above him, it re- 
bounds upward, or tends so to rcbonnd, in a, line of direc- 
tion pointing aa much above aa the lino of diroctlon of its 
approach was from below. It ia true that the weiglit of 
the ball — tbatiSjthe influence of gravitation — immediately 
begins to turn it from ita upward couree, and soon briuga 
it back to the ground. In the actual rebottndinff, bowever, 
as produced by the Rimple elasticity of the ball, the obliq- 
uity ia equal on each side of the point on which the ball 
impinges. 

It is the same with light. The ray moves off from ths 
point in the mirror where it atrikea in a direction just as 
far on one side as it came to it on the other. This princi- 
ple has already been stated, and to some extent explained, 
in the chapter on "Spectres and Ghosts," where the opera- 
tion of it was to bo specially observed. The language, 
however, in which we have here stated it is very vague, 
and does not give the law with any degree of precision. 
The mathematical statement is much more fixed and de- 
terminate. The ray, in coming to the mirror, is called the 
incident ray; in leaving the mirror, after reflection, it be- 
comes the reflected ray. The obliquity of its course in 
comirig is called the migle of incidence, which is the angle 
made by the line of this course with a line perpendicular 
to the reflecting surface. The obliquity of its conreo In- 



departing is called the angle ofr^ection. It is the angle 
brmed by the IiDe of this course anil the Bame perpendic- 



The law, then, as stated mathematically, is, 

That the angle of reflection is equal to the angle of in- 



Wbich is only a more definite and precise way of say- 
ig that the ray moves off from the point in the mirror 
here it strikes in n direction just as far on one side as it 
>ines to it on the other. 

The diagram illuHtrates this very clearly. S S is the re- 
flecting surface ; I o the course 
of the incident ray, and R o the 
course of the same ray after re- 
flection. The line op being tho 
perpendicular, I o^ becomes the 
■g angle of incidence, and ^ o R tho 
nuBAH. liw or nirLEoiioM. angle of reflection. The law is, 
lat in all cases, and whatever may be the direction in 
hicb the ray I o comes, the line a K, into which it is 
Uned by reflection, will always be such that poVi shall 
B equal to p o L 

If this law is once understood and made familiar, you 
ill always seo^t once how rays will be reflected from 
ay surface the form and character of which you know, 
f the ray comes to the surface in a line perpendicular to 
\ it will be reflected back in the same line. If it comes 
I either side of the perpendicnlar, it will be reflected back 
ith the same degree of obliquity on the othor side. 
The action which takes place in accordance with this 
iw, in the case of a concave mirror, with light falling 
poa it in one particular way, is shown very clearly in the 
Igraving on the following page 
The point O being the centre of the curvature of tho 




mirror, every line drawn from it to the mirror will be per- 
pendiciilur to the surface at tbe point whei'e it meets the 
surface. Of course, raya coming from any point to the 
mirror outside those liuea will be reflected hiside them, as 
is seen in the upper ray from the candle B, which, after re- 
flection, must go to the point b, making the angle of reflec- 
tion equal to the angle of incidence. If rays, in.stead of 
coming from a near object like B, come from a more dis- 
tant one, the angles of incideuce would be greater ; and if 
they came from a. distance so great as to make them sensi- 
bly parallel — as from the sun, for example — then the lines 
of incidence would be farther from the perpendicular on 
tbe outside, and those of reflection would be farther on the 
inside, so that the raya would meet in a point nearer the 
glass, as at F, which is called the focus of parallel ray e. 

This example shows clearly the general principle on 
which all the calculationB in respect to the efiecta pro- 
duced by reflection are founded. Eveiy thing depends 
upon the position of the perpendicular in relation to tha 
incident ray, or, in other words, the angle at which the 
incident ray comes to tliat part of the surface by which it 
is to be reflected. Of coarse, as the directions of the com- 
ing rays and the forms of the surfaces may be infinitely 
Taried, the special efiects resulting are infinitely varied 
but this one simple principle governs them all. 



^ In the case of refraction — that is, the modifying of the 
lonrso of a ray of light in pasHing through a transparetU 
uhstance, instead of beiug reflected from one that is 
ipoqne — the law is ia itself eqaally nimple, though it ia, 
-haps, not quite bo easily staled. The beat way for you 

I picture it to your minds is perhaps to consider that 
■Then a ray enters water, for example, obliquely, it has 
ilie mass of the water, or a larger portion of it, in closer 

TOsimity to it on one side than on the other at the ittr 
t of entering ; or, as it might perhaps bo expressed, 

b Domes sooner in contact, or more fully in contact with 
t on the side toward which it inclines than on the otber 
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by this is shown in the diagram, where 
W M represents the water, S S 
the surface of it, and I o the 
incident ray. Now, whatev- 
er may be the nature of the 
foree represented by the ray 
oflight, and whatever maybe 
the action of the water npon 
it as it pasBCs into the water 
ont of the air, it is easy for us 
to imagine that, in entering 
at any point, as at o, it mnst 
more fully, under the action of the water 
vhicb is on the aide W, toward which it is inclined at the 
oint of entering, than on the side ie,/rom which it is in- 
fClined. Indeed, in former times, when light was believed 
> consist of solid particles impelled with great velocity 
^rongb the air, it was thought that the bending of the ray 
one side in this case was caused by the more powcrfal 
Rtr&otive force exerted by the greater mass of water on 
that side at the instant of entering. At any rate, this idea 
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makes it very easy in all cases to see ia what direction tlie 
ray always really bends in passing out of a rare medinm 
into B denser one. 

In the converse case, namely, tliat of a ray passing from 
a dense medium into a rare one, the effect is exactly tbe 
converse — that ia, a ray coming in the line R o, into which 
the incident ray I o had been refracted, will, at the iKBtant 
of its issuing from the water, o, be held back, as it were, by 
the superior influence over it of the greater mass of water 
on the side W that is near enough to act upon it at the 
moment of emerging, than by that on the side m, and so 
will be drawn down into the direction o I, which is precise- 
ly the same as that of the incident ray. Thus the action 
of the water on entering and departing rays is eqnal and 
reciprocal 

This mode of stating the case is very indefinite and 
Tague, and would bo wholly unsatisfactory considered in a 
scientific point of view. It helps us very much, however, 
in fixing in our minds the general law, to consider that, in 
passing from a rare to a dense medium, the ray is bent to 
ward the Bide where the mass of the dense medium lies 
nearest to the coni-se it is following. 

Stated scientifically, however, the law is, that the ray, in 
passing from a rare to a dense medium, is bent towai-d the 
perpendicular drawn from the point at which it enters. In 
passing from a dense to a rare one, it is hcnt fi-otn the per- 
pendicular to precisely the same extent 

The diagram already referred to shows this veiy dearly, 
The dotted lineup represents the perpendicular; lo is the 
incident ray, entering the water at o. Instead of going on 
in a straight courae, as represented by the dotted line o v, 
it is bent toward the perpendicular into the line R. A 
ray transmitted in the contrary direction — that ia, from II 
to o, instead of continning, when it emerges from the water, 
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in the same direction, is bent away from the iTCViwiidicHlar 
and into the lino o L 

In almost all cases of light passing from one transparent 
medium into another of a dl3ei«ut internal constitntton, 
the ray is bent on this principle. The effect in moat cases 
Beems to depend upon the difference of density in the two 
media, but not always. There is some mysterious quality 
or condition of struetnie, not well understood, on which 
the effect depends. The substance ordinarily employed 
If refracting light is glass, and a glass formed with curved 
:«nrfaces to produce any of the various effects which may 
be reqnired is called a lens. Lenses arc of various khids, 
Bccarding to the effect wMch it is dcsii'cd to produce. A 
doable convex lena, for example, is conves: on both sides. 
Its effect upon parallel rays, according to the principle al- 
ready explained, namely, that the light is bent toward the 
■ido where the largest portion of the snbstance of the glass 
oomeH nearest to it, or, in other words, toward the perpen- 
dicular at the point where it enters, is to draw the raya 
inward, as we see is the case with a siin-glass, which is 
example of a double convex lens. On the other hand, 
(he same principle, in the case of a double concave lens, 
'hich is the kind used for the eye-glasses of ncai'-sighted 
ersons, will tend to spread the rays instead of drawing 
icm together ; for while, in the convex lens, the thickness 
f the glass increases toward the centre, in one that is con- 
ave the thickness increases from the centre to the circum- 
trence, and the light is drawn' away toward the side 
fhere the gi-eatest thickness lies at the point at which it 



It is easy, in the same manner, for one who has the prin- 
dplo of reflection in mind, as it has been explained in this 
lapter, to see in what way light will be reflected from a 
>liBhcd surface in any specified position or of any speoi- 
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fied curvature. He has only to consider in what way solid 
bodies^ impelled against such a surface, would rebound from 
it. Thus a concave mirror acts to gather together parallel 
rays falling upon it, just as a shower of peas falling upon 
the inner sides of a saucer or a bowl would rebound to- 
ward the centre. On the other hand, a convex mirror will 
reflect rays in a divergent direction, just as peas falling in 
a shower upon the outside of a bowl, placed bottom up- 
ward, would rebound away from it in every direction. 
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CHAPTER XXVn. 




When a child bolds a buttercup, in a briglit Bunny day, 
under the chin of another child, if the light happens to 
come right, a slight yellow tinge appears upon the skin 
opposite to it. 

There are two explanations of this phenomenon. One 

the notional, and the other the scientific one. 

The notional explanation, which is the one generally 
adopted by children, is, that the child on whom the expei^ 
timent is performed " loves butter," 

The scientific explanation is, that the petals of the but- 
tercup having, in some myaterions way which no one pre- 
tends to nnderstand, the power of separating the rays of 

■bite light which fall upon them from the sun into their 
component parts, and of absorbing all but the yellow rays, 
these yellow rays are reflected upward, and, falling upon 
the chin at a place somewhat sheltered from the bright 
light of the sun, are reflected to the eyes of the children 
looking on. This second reflection depends altogether 
Upon the brightness of the light sliining upon the butter- 
Bnp and the relative position of the surfaces on which the 
[Igbt shines, and not at all on the taste or inclination of 
the subject of the experiment in respect to butter. 

This case is a pretty fair illustration of the difference be- 
tween the notional and the scicntlfical explanations of the 
thenomena taking place in nature all around us at all 

TTie yellow rays, as we call them — though wo must not 
L2 



forget that what we mean by this term ia, not that tbe 
rajB are yellow in themselves, but only that they have the 
power of producing that sensation in hb when they enter 
our eyes — uudergo, in the case of the buttercnp and the 
chin, two reflections : one from the petals of the flower, by 
wliich tbey are separated from the other rays, and the oili- 
er fi-om the chin. Any color may be thus reflected a sec- 
ond time, and the effect is more or less distinct accord- 
ing as the second sui-fnce is more or less shaded from all 
extraneous light — that ia, light coming to it from other 
sources. Thus almost .iny object hold near a red curtain 
which the sun shines upon will look red by reflected light. 
In this case the red light from the curtain constitutes ao 
large a portion of all the light which the object receivefl 
that the reflection of it becomes visible. 

In the same manner, all the objects in an ordinary room 
reflect each Its own colored rays to eveiy part of the room. 
Those rays mingle and blend with each other in passing 
through the air, and if wG hold up a sheet of paper as a 
screen, they all fall upon it together, in combination with 
the white light of the sun, so that the paper reflects only 
a mingled and general light to our eyes. But if a lens is 
interposed in a proper manner between the paper and any 
group of these objects, and all other light is excluded, then 
the differently colored rays from all these objects, and from 
the different parts of the same object, are made to converge, 
and are brought to a focus, each in its proper place, and a 
distinct image of the whole group is formed, with all the 
parts in their proper position, and of their proper color. 

How this is effected is shown very clearly in the image 
of the lily in the engraving. The rays from only two 
points (A and B) are shown, but the same effect takes 
place in respect to the light issuing from every other point 
iu the flower. All these rays, in passing through the a 
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re completely intermingled, though each one, wonderful 
B it eeema, pureiics its way uninten-upted and nudiBtorbed 
y tlie rest, A screen hold at the place of the lena wonld 
teceive them blended together, and would reflect their 
lulled light only ob a general illamination. But the lens 
sauses each separate pencil, coming from every difftreut 
>oint, to couverge each toward ita own central line. The 
«salt is that the colors are all separated ; and if the screen 
1 held in the proper place to receive them, and all light 
torn other sources is excluded, a perfect image of the lily 
s formed, only it is inverted, since the several pencils cross 
IBcIi other at o In travcrBing the lens; those from A, for 
ocample, coming to a focas at a, and those from B at b. 

This experiment can be easily perfoimed by ineanB of 
toy convex lens, such as a reading-glass, a sun-glass, or 
nren one of the glasses of a pair of spcctsclea such as are 
■fled by elderly persons. Xear-sighted glasses, bdng con- 
Iftve instead of convex, and so causing the rays to diverge 
BBtead of to converge, of course will not answer. 

The only difficulty in making this experiment perfectly 
nccoegfiil is that of keeping all other light except that 
rliioh comes through the lens away from the screen, or 
roni whatevar serves aa a screen, to receive the image. 



fiat if yon make the experiment in the evening, and with 
only one lamp in the i-oom, or, when there are more than 
one, if they are placed near together, and throw the imago 
on the wall, or on a sheet of paper held near the wall, an 
inverted picture of the flame or flames, of beautiful difi- 
tinctnesB, will be formed. 

Images of any other objcctfl, as well as of bright flames, 
can be produced in this way, if only all extraneous light 
can be excluded. This is exactly what is done in the eye. 
The eye is simply a space inclosed, with an opening in the 
front part of it, where a double lens is placed to receive 
the light, all other light, except the rays that come through 
the lens, being excluded. An image, then, of any outward 
object toward which the eye is directed, is formed apon a 
peculiar membrane at the back of it called the retina, 
which Krves as a screen. Of course the image is invert- 




I THE CAMKEA OBSCTEA. 

id. Sow it happens that we Bee things right side up 
vhen the picture that ia formed in the eye by which we 
See them is upside down, ia a myBtery which gveatly pui 
zles the philosophiirs. 

If an exact model of the eye were made ofporcelain and 
glass, with a little peep-hole upon one Btde, »o that we could 
look in, we should see in the interior of it, on the back fide, 
a most peifect and beautiful picture of any external scene 
or object towai'd which the opening in fi-oiit might be 
turned. A great variety of optical instruments have been 
invented by man which net ou the same principle an the 
eye. There is a lena to concentrate the rays, :i scieen to 
receive the image, and an inclosnrc to exclude all otlier 
light except what cornea tlirough the lena. There is also 
otlen a mirror to rcSect the image, bo that the screen that 
receives it may be placed where it may be most eonven- 
ientiy viewed. 

There ia another advantage in the uae of the mirror in 
thcac cases, for, by reflection in it, the image may be thrown 
upon a Aorizontal screen, and in that case it may bo looked 
at from the side that will bring it right side up. 

There are many ways by which thcBO arrangements arc 
inclosed for the purpose of excluding tlie outside light; for, 
1 order to produce the full effect, it is necessary that all 
£ght, except what comes fiom the objects to bo viewed, 
thonld be excluded. Indeed, tlicso instmmcnts all take 
Aeir name fi-om the Latin words meaning dark chamber, 

r, rather, chamber dark, which words are camera obtcura. 

The following engraving shows one of the forma in which 
tbo camera obscurais often mmle. The rays R, which enter 
the Inbe B, are made to converge — that is, all which come 
&om any one point in the object are made to conver^, 
wnd they would fall upon the back of the box O, and for 
m image there, were it not that they are reflected by tl 




sloping mirror M up to a ebeet of tbin paper laid upon » 
glass plate above, where the observer can, if he pleases, 
make a tracing with his pencil of the picture they produce, 

Sometimes the inclosure to exclude light from the sidos 
consiatB of a darkened room. The apparatus, however, for 
forming the image in such a case is substantially the same, 
consisting of a lena to form the image, and a mirror to pro- 
ject it where it is most convenient to place the screen. 
Sometimes the entering rays are reflected in the mirror 
first, and aftenvard passed tlirough the lens. It is neces- 
sary in all these cases that the TOom should be darkened 
by means of shutters, or in some other way. The appara- 
tus is usually fitted into an opening made in one of the 
shatters, while the others are entirely closed. 

In order to avoid the inconvenience of darkening a large 
room in this way, a small building, like a summer-house, is 
sometimes devoted exclusively to the purpose t 
obscnra; this is often done in large public gardens 
pie asn re-grou n d s. 
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THE AHTIBTS TKN*- 

SometimcB a camera obscnra is iittcd up upon wheels, 

Die a traveling photographic apparatus, for a show; and 

iDmetimes in a tent, for the use of artists; onty in this 

B it 18 necessary that the tent-doth should bo perfectly 

Bopnque nnd diirk. 



1 The tent arrangement is attended with the great advan- 
tage that it can be removed from place to place, and can be 
Kt np in sitnations inaccessible to a wheeled carriage. 
1 the engraving the tent is open in front, being drawn 
) in order to allow ns to see the interior; and the cloth 
es not quite come to the ground, in order that we may 
s the snpports. In actual use it ought to be closed en- 
llirely, except nt the opening in the apparatus at the top to 
■admit the light wliich is to form the picture. 

The process of photography consists simply of fixing the 
mage produced in the camera obscura. Tlie box used is 



eaaentially the same with the one ahove described, but ths 
paper on which the image is finally received, when al! ia 
ready and the picture ia to bo taken, ia made sensitive hy 
being covered with a chemical substance which is affected 
by the light. 

There is an immense number of optical instruments, 
greatly varied in their construction and in the purposes 
which they serve, which, however, all depend upon the oij- 
cration of the simple principles of reflection and refractien 
which have been explained. To enter into a description, 
or even an enumeration of them, would be foreign to tbu 
purpose of this wort, which is simply to unfold and explain 
the grand fundamental principles that are exemplified iu 
the action of light, as it exhibits itself to us in the phenom- 
ena of nature aroond us. 

There is one principle which is, however, only in a sec- 
ondai'y sense a property of light, which I must explain be- 
fore cloHng thia chapter, and that on account of the great 
interest which John and Flippy took in it, and in making a 
certain class of toys illuatrative of it, 

TIic principle is called the Persistence of Vision. The 
phrase denotes a certain property of the retina of the eye, 
or of the nervous connection between the retina and the 
mind, or rather, perhaps, a property of light in relation to 
these, by which the impreasion made upon the mind does 
not instantly cease when tlie image ia made to vanish. 
Thus a succession of ver!/ rapid flashes always appear to 
us like a continued light, as the impression left by one does 
not fade before another comes to renew it. 

A great many ingenious toys are constructed on tins 
principle. The kind which principally struck Flippy's fan- 
cy — chiefly,! suppose, because he could manufacture them 
himself— consisted in making two different pictnres on the 
two sides of a card, and then, by attaching strings at the 
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Hida, and epinning the cards rapidly by means of the 
I rtrings, the impreBBions of the two pictures would be com- 
n account of the image produced by one 
not fading from the mind before the other came to join it. 
One of the pairs of pictures which the boys thus made con- 
sisted of a man on ono side brandishing a stick, and on the 
other side a pig running away. Thus, when the card was 
twirled, you saw one picture consisting of a man driving a 
P'g- 

The boys made these pictures by cutting ont the figures 
in black paper, and then pasting them upon the cards. The 
figures were not very well shaped, but Flippy said that 
that was no matter; they were just as funny fp^ll that. 

Sometimes they drew the pictures with peiN^d mk, and 
sometimes tlicy painted them in colors. One which they 
drew consisted of an empty cage on one side, and a bird, 
which they painted of a bright blue, on the other. When 
the card was twirled the bird was seen in the cage. 

The scientific name for this contrivance is the Thauma- 
trope. 
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They also painted spots of different colors on the oppo- 
site sides of the cards, in order to see what compound color 
would be produced in blending them by the twirling of the 
card. The boys spent two whole days, during which they 
were confined within doors by rain, in making a number 
of these cards of various styles and patterns. They made 
them to carry home with them to America. Lawrence 
highly approved of this amusement. He said that such 
cards were worthy of being regarded with special respect, 
in view of their being capable of fulfilling a double func- 
tion. They were equally adapted to interest children as 
amusing toys, and philosophers as articles of apparatus il- 
lustrating the persistence of vision. . 
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When at length the time arrived for Lawrence and John 

D set out on their retmii to America, John had learned so 
much about the philosophy of light, both from tho books 
■which he had read upon the subject, and from the conver- 
sationa which be had held with Lawrence, and he had, 
moreover, fixed ao firmly in his mind what he had learned 
by the notes of conversations, and the other articles which 
he bad written in bis book, that he was greatly interested 
in the anbjecl. Indeed, there were some indications, onco 
or twice, as Lawrence observed, of hia beginning to feel a 
httle vanity and self-conceit in view of the progress which 
he had made. 

After tra\'eling slowly and by a somewhat circuitoua 
route through France and England, Lawrence and John ar- 
rived at length at Liverpool, a day or two before the sail- 
ing of the steamer in which they had taken passage for 
America. The appointed day at length arrived, and they 
went on board with the other passengers, and the steamer 
act sail. 

It was late in tho fall when this return voyage was made, 
and the weather for several days was stormy, and tho sea 
rough. On this account, and also because this was the re- 
tarn voyage, tho passengers were more quiet, and kept by 
themselves more than on the voyage out — that is, out as 
the Americans call it, though the English always call iho 
voyage to America tho outward one, and that from Amer- 
ica to England the voyage home. The Americans are usu- 
ally much more quiet, and much lesu inclined to make ao- 



quaintancc with, eacli other on the voyage back to AInB^ 
ica, at the end of the tour, than when crossing the ocean 
on their way to Europe, at the beginning. They are tired 
of excitement and change, and their minds are occupied 
with recollections of the scenes they have visited, the pleas- 
ures they have enjoyed, the vexations and disappointmeots 
which they have suffered, and with thoughts of home. 

After a time the wind and the waves subsided, and Law- 
rence and John began to come up oftener to the deck. One 
day when they were sitting there, about noon, waiting for 
the officers who wei-e engaged at their observations to 
"make it 12 o'clock," aud for the luncheon bell, which they 
knew would be rung as soon as the waiters should hear 
eight bells strike, John took out his watch, and, finding 
that it was after twelve by it, he asked Lawrence why they 
did not strike eight bells. 

"It is after twelve," said he, 

" But you have not got our true time," said Lawrence. 

"Yes," replied John, "I set my watch by the ship's clock 
this morning." 

"Ah ! that was yesterday's time," said Lawrenoe. "We 
have nin two or three hundred miles to the westward Bnce 
yesterday, and it will not be twelve o'clock here until the 
Bun has had time to come all that distance from where Wi 
were when it was noon yesterday." 

John then asked some questions about the mode of mak- 
ing observations at sea. Lawrence said that the midday 
observation was for the latitude only, which they deter- 
mined by the altitude of the sun at noon. The attitude of 
the sun, when it passes the meridian, varies from day to 
day for the same place, and it also varies with the distance 
of the place from the equator ; so that by finding the alti- 
tude by means of the sextant, and looking in the tablea, 
the particular latitude which gives t/iat altUudo on tfuU 



BEFEACTION BY THE ATMOSPHERE, 



265 



are, however, several corn 



jby is readily found. There 

bus to be made. 

I Lawrence explained some of these corrections, and there 
■as one — namely, that for refraction, aa it is called — which 
I'ohn was much interested in, because his stndiea in respect 

a light enabled him to understand it very clearly. 
It seems that the raya of light from the sun, in passing 

rom the inter-planetary space into the earth's atmosphere, 
are refracted, and thus bent downward more and more in 
paflsing through the increasing density of it. This effect 
is greatest when the sun is near the horizon, and it makes 
e sun appear higher than it actually is. In fact, it brings 
his disk into view before be has really risen. 




Thin is made plain by the engraving, where the ray of 
f' light from the sun (S), while it la below the line of the 
horizon (H), is bent downward in passing through tlie euc- 
oessive portions of the atmosphere enveloping the earth, 
BO as to come to the eye of the spectator at A as if it real- 
ly proceeded from a, higher point, and thus brings the sun 
into view while it is actuallv below the horizon. 
I M 



The effect is greater when the sun ia low, and continual- 
ly diminishes with its increasing altitude; bat the uavi- 
gatore' books contain a table in which they can find the 
proper correction to be made in every case. 

John was quite pleased to find that he could understand 
this explanation, and the drawing which Lawrence made 
to represent it, so easily, and said, after a moment's pause, 
that he thought that he had learned a good deal about 
light since he bad been on that tour. 

" Yes," said Lawrence, " you have indeed. You have 
made an excellent beginning. But the field of knowledge 
widens more and moi'e the farther we advance into it. 
You have learned a great many of the firet principles, and 
theac, being fu7idamental, are of great importance. But 
when you go favtiier, and study the construction and phi- 
losophy of the microscope, the telescope, the magic lan- 
tern, the stereoscope, and the analysis by the speetroscojie 
of the chemical composition of incandescent substances, 
however remote from us, you will think that what yoii 
have yet learned ia, after all, very little. And when you 
come to investigate the phenomena of diffraction, and in- 
te-rference, and polarization, you will almost conclude that 
you know now nothing at all." 

" What are all those things, any bow ?" asked John. 

"What they call diffraction" said Lawrence, "is a 
change produced in some niysteiious -way in the move- 
ment of rays of light when a very slender beam passes 
thi-ough a very narrow slit or opening, or by the side of* 
very narrow obstruction, so as to produce fringes of difler- 
ent colors. You can see these fringes sometimes, though 
very irregularly, when you look at a bright light with your 
eyes almost shut, so as to see it through your eyelaefaes. 
There are ways of producing them very regularly and 
beautifully on a screen by means of suitable apparatus, 
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mt lo anderstand clearly how they are produced requires 
i great deal of mathematical knowledge. It ia in Bomc 
way by which the ptilsalions or vibrations of different rays 
3 or combine their actions so as to produce new and 
Urangc effects. Sometioies two rays entirely neutralize 
ich other, so that two lights make darkness. This ia 
liat they call interference. 

"As to pofarisaiiow," continued Lawrence, "that is more 
difficult still to understand. It forms quite a science by it- 
self, and one, too, of a highly mathematical character. Po- 
larized light is light which has been changed in a certain 
way, so that it acts differently from light in its ordinary 
Itate, and produces certain beautiful and very wonderful 
Sffecte in the microscope, and reveals in a marvelous mau- 
ler certain differences in the internal constitution of dif- 
llirent transparent substances which could be discovered 
1 no other way. 

"What they call interference," continued Lawrence, "is, 
B I have already said, a kind of combination of the waves, 
by which the swell of one is made to correspond with the 
hollow of another, aa it were, and so they are both oxtin- 
guishcd. Imagine that you throw a stone into a pond and 
n motion circles of waves, and then suppose that an- 
:other stone is thrown in so as to strike at jii-ecisely the 
^ght instant to make a second set of waves that shall ex- 
lotly coincide with the first set. This would tend to in- 
R«aBO the height of them." 
' " Yee," said John, " I admit that." 
*'Sut now," continued Lawrence, "suppose the stone 
i thrown in at the right instant to make the hollows 
f the second set coincide with the swellings of the first. 
Ic two sets of impulses would then neutralize each other 
-or interfere, as they call it when speaking of light, .ind 
p water would remain leveL" 
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" It could not be done," said John. 

"True," said Lawrence; "but can it not te imagined?" 

"I don't think I can hardly imagine it," said John. 

"Not even aa an illustration?" said Lawrence, 

"I don't know," eaid John, speaking doubtfnlly, 

"You'll have to imagine it," said Lawrence, "if you wish 
to get an idea of what is meant by interference in the case 
of light. Besides, though yon say it would be impossible, 
perhaps, to do this with waves of water, the effect can be 
produced exactly by a mechanical apparatus to make arti- 
ficial representations of waves." 

"I should like to see that apparatus," said John. 

"At any rate," continued Lawrence, "it is found that 
rays of light, or luminous impulses following cacb other iu 
a certain way, do extinguish each other. The experiments 
are very complicated and very curious, but they are thought 
to prove positively that light really consists of a rapid buc- 
cession of some kind of undulations or waves." 

" Do you think they do really prove that ?" asked John. 

"I think they prove the existence of eomc kind of inter- 
mittent action, with alternating conditions capable of in- 
tensifying or neutralizing each other, according aa they 
agree or disagree; but whether the successive impulses 
axe of the character of vibrations or nudtilations in a sub- 
tle ether, I do not know." 

Lawrence was right, perhaps, in saying that he was not 
entirely satisfied in respect to the precise nature of this 
mysterious action ; bnt, at any rate, it seems to be proved 
that there is an excessively rapid intermittent foree of 
some kind or other that is concerned in the production of 
light, and the length of the several pulses.andthe number 
which are produced in a second, seem to have been qnite 
exactly ascertained, on the principle of determining the 
interval in time and distance which is i-eqiiisitc to produce '. 
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e interference. The effects of this ioterference are mani- 
ited in many very remarkable and very curious plienom- 
Johii said that he should like to seo some of them. 
.awrencc replied that it was easy to see them, bnt not so 
isy to understand how they were produced. 
"Tbey appear in various colored fiinges," said Law- 
rence, "in almost all transpareut substances which arc 
B extremely thin— €0 thin that the light, in being re- 
flected back and forth ft-om ono surfiuH; to the other, is 
caused to ' interfere.' We can make a thin film of air 
which will show them by pressing two plates of glass to- 
gether which have sur&oea that aro not exactly parallel. 
We see tliem in very thin plates of mica, and in a thin film 
of oil or other such substance, floating upon water; and. 




better etill, children obeerve aud admire them in the Boap 
babbleB which they blow. The colors come out when the 
bubble grows so large that the water incloBtng it becomea 
extremely thin. 

"I have Been the colors in the bubbles very oileii," said 
John, " but I don't understand how they can bo produced 
by any kind of interference of waves." 

"No," replied Lawrence, "I do not wonder that yon do 
not. It requires a very profound mathematical study to 
nnderstand it. Newton studied it in that way — " 

"What ! with a soap-bnbble ?" asked John. 

"Yes," replied Lawrence; "but the colors moved ahoat 
so much wheu the bubble was floating in the open air, and 
the water dried from the surface so as to cause it lo barst 
so soon, that at first he met with a good deal of difficulty. 
He saw that it was necessary to contrive some way lo 
remedy these evils, so he blew his bubble in a glass globe, 
with very transparent sides, which served to protect it 
from the air, and which he previously filled with moist air' 
in order to prevent the evaporation." 

He found that, when thus covered, the bubble was much 
more permanent than when exposed in the open air, and 
the colors arranged themselves in the most symmetrical 
and beautiful manner. 

"I mean to try it when I get home," said John, 

"I would do BO, if I were you," replied Lawrence. 

" Only," said John, " I don't know how I can get a glaw 

" Any kind of bottle or jar would do, I suppose," said 
Lawrence ; " only yon must have a stopper, and pass the 
tube that you blow your bubble with through it, so as to 
keep the moisture all in the jar, in order to prevent the 
water of the bubble from evaporating. You must also 
stop the opening into the pipe, for there is a certam oon- 
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tractile forco ia a Luliblc \> likh gr:uUi:itly begins to drive 
the air out of it wben you stop blowing in, if you leave the 
pipe open. You see this by the bubble's growing gradu- 
ally smaller and smalffr." 

Wlien Lawrence aud John had arrived at about this 
point in their conversation, the ofScev iu charge struck 
eight bells. Those who had been making observations iin- 
medi&tely went below with their Bextaots and the lunch* 
«oa-t)eU rang. 



The voyage went on very Bmoothly and pleasantly nftei 
this, though every one seemed more than nsualSy impa- 
tient to reach the land. 

At length, just before the time arrived for the land to 
come in eight, a pilot-boat appeared. The passengers were 
all very much interested in the coming of the pilot, for 
they expected that he would bring them the news which 
hadbeonpasHingunder the Atlantic from Europe to Amer- 
ica, on the telegraph wire, since they left Liverpool ; and as 
this was the year of the great French and Germau war, 
they were very anxious to leani what had happened eince 
they left the English shores. "When the pilot came, how- 
ever, tliey were much disappointed at learning that hie 
boat left New York only tho day after the steamer had 
left Liverpool, bo that he could give the passengers only 
one day's later news. 

It was a joyful hour for all the passengers whea the 
Bteamer was sailing up the harbor. Home seemed to tliera 
more attractive, after all, than any of the scenes of novelty 
and beauty which liad enticed them abroad. 

The immense steamer came up very slowly and with 
much difficnlty to the pier. There were many lines taken 
out in boats to the pier and fastened there, and hard ptdl- 
ing upon them by the sailors at windlasses and capstans, 
and much alternate stopping, and backing, and going for- 
ward of the engine. There were crowds of people all this 
time upon the pier waving liats and handkerchiefs, which 
salutations were responded to by the passengers on board, 
who crowded the promenade deck and leaned over the 
railings at eveiy point where they could see. 

At length the bow of the steamer was brought up in an 
awkward position among the piles at the head of the pier, 
and a broad plank platform was laid across for the transfer 
of the baggage on shore. There were no facilities yet ti 
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the passengers to land, or for any of their friends to come 
on board. A few adventurous gentlemen, however, more 
bold or more agile than the rest, were soon seen clamber- 
ing up over the piles and getting from them into the rig- 
ging, so as to come on board. Among them John's eye 
fell upon a boy who was stopping one of these gentlemen 
and asking him to give him his hand to help him across a 
very dangerous place. 

" Look ! Lawrence, look !" said John ; " there's Flippy ! 
I verily believe that's Flippy !" 

It was indeed Flippy. He had seen in the newspaper 
the names of Lawrence and John in the list of the passen- 
gers that were to cross the Atlantic in that steamer, which 
had been telegraphed to New York, and, being in New 
York at the time, had come down to welcome them to 
their native land. 

M2 



CHAPTER XXrX. 

FABEWBLL TO FLIFPY. 

A FEW days after the return of Lawrence and John to 
New York, they went on board a North River steam-boat 
to go up the river on their way to their home in the coon- 
try. 

It waa late in the afternoon when they went on board. 
On their way fi-oni the hotel to the pier, John eaid to Law- 
rence, in the caiTiage, 

"It would have been better for ns to have planned to 
go up in the day-boat." 

"Why HO?" asked Lawrence. 

"Because then we could have seen the scenery better," 
said John. 

"That is not a settled qucBtion," replied Lawrence. 
"Some people think that the scenery in the evening, by 
starlight or moonlight, is a great deal more grand and 
sublime, especially in passing through the Highlands." 

"I don't care much about that," said John. "I like to 
see them stop at the landings, and watch the people going 
off and the others coming on in the day-time, when X can 
see them plainly." 

"Yes," rejoined Lawrence, "I should expect that yon ( 
would take more interest in such scenes now than in 
mountains by moonlight. You have not yet attained to 
the romantic age." 
■ "The romantic age?" repeated John. 

" Yes," said Lawrence. " I divide the period of child- 
hood and youth into fonr ages. First comes the Wonder- 






ing Age, then the Noisy Age, then the Teasing Age, and, 
laet of all, the Romantic Age. The Romantic Age has not 
come for you yet." 

At this point in the conversation the carriage stopped. 
They had arrived, it seemed, at the pier. So they descend- 
ed from the carriage, and, after paying the fare and attend- 
ing to their baggage, they went on hoard. 

" Lead the way, John," said Lawrence, as they stepped 
£^m the gang-plank to the deck, "and find the place where 
'you would like to sit. Wc have more than half an hour 
'yet before the steamer will start." 

' John replied that ho would like to sit where he could 
we the people come on board ; and, bo saying, he led the 
way up to the after promenade deck, and there, choosing 
|two comfortable arm-chairs, he brought them to the side 
'of the deck next the pier, where he oould see the carriages 
and carts as they arrived, and the foot people, and the 
orange-women, and the news-boys, and witness at his ease 
all the exciting scenes and incidents which usually attend 
"ibe sailing of a North River steamer frem a New York pier. 
B soon as he and Lawrence were comfortably established 
their seats, he asked Lawrence to go on with what he 
as saying about the ages of childhood and youth. 
So Lawrence went on to explain what he meant by the 
kriouB agea that he had specified. The Wondering Age, 
i said, continned from infancy till the boy was seven or 
'tight years old. Up to that lime the world was all new 
tto him, and his mind was chiefly occupied with curiosity 
md wonder. He went about prying into every thing. 
le believed every thing that he heard, so that it was very 
lasy to make a fool of him. Ho liked fairy tales, and the 
aore absurd and impossihie they were, the better he was 
idoased with them. 
"Neit comes the period from seven or eight to ten or 



twelve," continued Lawrence, " wbich I call the Noisy Age. 
The boy has by this time become somewhat accustomed 
to tlie strange world that he finds himself brought into, 
and feels more at home iu it, and begins to see more clear- 
ly the difference between trath and falsehood in it. His 
powers and faculties have become enlarged and developed, 
hia strength is increased, and ho begins to like to produce 
sensations and effects. One of the easiest effects that ho 
can produce is noise. He likes to bear it, and he makes a 
great deal of it. Indeed, the more bustle and noise there 
is, the better, especially if ho makes it himself. So I call 
this the Noisy Age. In this age tho boy, if left to him- 
self, and is strong and healthy, breaks into a room rudely 
where people are quietly talking, and if reproved and asked 
tobo more quiet,he goes out sometimes slamming tho door, 
and making more noise in going out than he did in coming 
in." 

"Yes," said John, smiling, and at the same time looking 
a little ashamed, " I used to do so." 

"In this age, too," continued Lawi'ence, "hoys are fond 
of rough and noisy plays. They are always pushing each 
other, chasing each other, and tripping each other up, with 
a vast amount of shouting and hallooing by way of music- 
al accompaniment. 

"Next comes tho Teasing Age," continued Lawrence. 
" Tho boy's mental faculties have now become somewhat 
more fnlly developed, and the effects that he now likes to 
produce are such as relate somewhat more to the minds 
of people than merely to their eyes and ears. He takes 
special pleasure in making fools of people, in getting boya 
or dumb animals angry with each other, and seeing them 
fight. If he has any sisters, lie seems sometimes to take 
special pleasure in teasing them. Tliat ia the reason why 
I call it tho Teasing Ago," 




r "I think you ought to call it the Ugly Age," B^d John. 

" No," rejoined Lawrence, "it is not exactly from a spirit 
of ugliness that he does these things, but only from tbo 
pleasure of exercising his growing powers in now forma. 
To produce a disturbance or an excitement in a person's 
mind involves the exercise of a higher class of faculties 
than merely to make a din in their ears, and the boy likes 
to exereiae his highest powers. The Teasing Age comes 
generally between ten or twelve and sixteen. After six- 
teen the boy generally becomes too much of a gentleman 
to take plcasuio in troubling people in any way, especially 
bis sistei'B. He then becomes ambitious of making himself 
Agreeable instead of disagreeable," 

"/"hi between ten and sixteen," said John, "so I am in 
the Teasing Age." 



" Your case is an exception to the general rule," I 
Lawrence. 

" I think there are a great many esoeptionB," Baid John. 

"I think so too," replied Lawrence; "indeed, it woald 
not be a good specimen of a general rule if there were not 
a great many exceptions." 

"Lookl look] Lawrence," said Jolm, suddenly interrupt- 
ing and pointing toward the pier; "there comes Flippy!" 

It was indeed Flippy, He was coming down the pier 
with a parcel in his hand. John ran to meet him. 

Li a few minutes he returned, bringing Flippy to the 
place where Lawrence was sitting. Flippy placed his par 
eel in Lawrence's hands, saying at the same time, 

" There is something for you ; but you must not open it 
until you get home." 

"Is it a present for me from you?" asked Lawrence. 

"Yes," replied Flippy; "though, my father gave me the 
money to buy it, because you were so kind to me and 
taught me so much while we were on the voyage. And I 
■want to go home with you now," he continued, " to where 
you live." 

" Oh no 1" rejoined Lawrence ; " it is too far ; it is more 
than two hundred miles from here." 

" No matter for that," said Flippy ; " I can write back to 
my father at the tiret place where we stop, and he will 
send me some money. He won't care, so long as he knows 
that I am with you." 

" But your mother would care," replied Lawrence ; " she 
would be very anxious and very much worried about you." 

" Ko matter," said Flippy. " She would find out after a 
while that I was all right." 

Lawrence replied that, though hia mother might find out 
that he was all right, as he called it, in the end, she would 
endure a great deal of suflFuring in the mean time through 
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ber snepense and anxiety ; and tbeti, in order to sea if he 
could not awaken eonie eentitnent of gratitude in his mind 
toward his mother, he reminded him of his obligations to 
her for all the care and trouble which she had borne for 
him in former yeare, when he was a little child ; how she 
had attended ]iim and watched over him in sickness, and 
But byliis bedside at night, and provided for all his wants. 

"My mother never did any of those things for me," said 
Flippy. 

" Who did them, then ?" asked Lawrence. 

" Bonney," replied the boy. 

" And who was Bonney ?" asked Lawrence. 

"She waa a girl, or perhaps a woman," said Flippy. 
"My mother called her the bomie, but I generally called 
her Bonney — generally, but not always, for sometimes 
when she scolded me I used to call her Bony." 

" Did she use to scold you ?" asked Lawrence. 

"Sometimes," said Flippy, "especially when she caught 
kme sliding down the banisters." 




"It Bccma to me it was hardly right to call her a bad 
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name," said Lawrence, " becaase she wished to prevent yon 
from sliding down the baDisters. It was only out of re- 
gard for your safety that she did it. I knew a boy once 
who fell and broke his leg by sliding down the banisters," 

"I know," said Flippy; "but I could poise myself ex- 
actly ; besides, it was not a very bad name for her, for she 
was really rather bony." 

Just at this moment the bell rang, and a steward called 
out, "AH ashore that's going!" So Flippy rose, and, bid- 
ding Lawrence good-by, he and John went down the com- 
panion-way to the main deck, and there Flippy fell into 
the cunrcnt of people that were pouring in a continued 
stream over the plank to the pier. The last thing that 
Flippy said was that he wished Lawi-ence had allowed him 
to go with him and John, 

" I might have gone just as well as not," said he, *' and I 
could have written to my father at the first stopping-place 
to send me some money and a trunk full of clothes." 

Before John had made his way back to where Lawrence 
was sitting, the steam-boat had begun to move away from 
the pier, and very soon began to glide very swiftly past 
the long lino of ships, and ferry-boats, and canal-boats, and 
sloops which lay at the wharves and filled the docks which 
here formed the margin of the rivor. 

" I like Flippy pretty well," said John, as soon as he had 
resumed his seat, " but I don't think he is very gratefiil to 
his mother." 

"It IB partly bccanse he does not know how much she 
has done and suffered for him," replied Lawrence. " There 
seems to be a principle of gratitude in his heart, or else he 
would not have thought of bringing a present to me, oa 
account, as ho says, of my having been kind to him," 

Here Lawrence held up the parcel which Flippy had 
given him, and which was still lying in his lap. 
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" What I have done for him," he added, " little as it is, 
he knows and appreciates, and so he is grateful for it. Bat 
his mother has perhaps not done much to win his affec- 
tions of late years. It is very likely that, since he was old 
enough to be put under the charge of a bonne, she has not 
had much' to do with him except to watch him and check 
him when he is doing any thing wrong, and he has not the 
least idea how much she must have done and suffered for 
him before that time. What he wants is light. When he 
grows older, and underatands how much he owes his moth- 
er, it is very probable that he will be grateful for it all, and 
he may then become a great comfort to her. I am sure I 
hope he will." 

" I wonder what the present is that he has brought for 
you !" said John. ''Let's open it now." 

** No," replied Lawrence ; " I was not to open it till we 
got home." 

Here John took up the parcel and began to feel of it, in 
hopes of being able to ascertain in that way what it was. 

" I thought it was books," said he, " but it is some kind 
of box — a pasteboard box. I wonder what is in it ! If I 
were you, I would open it now and see." 

" I was not to open it until we got home," said Law- 
rence. 

" You did not promise him that you would not," replied 
John. 

" No," rejoined Lawrence, " I did not promise in words, 
but I received the package on that implied condition." 
^ " He would not care," said John. " All he wanted was 
that you should not open it while he was by. I don't see 
what possible harm it could do for you to open it now." 

" I do," said Lawrence. 

" What harm ?" asked John. 

" Guess," said Lawrence. 



"That it might be Home delicate thiDg that would gel 
injured by being opened here ?" suggested John, speaking 
in the tone of a question. 

"That is a pretty good reason," said Lawrence, "bul 
that is not what I meant," 

"Then I give it up," i-ejoined John. 

"It would injure ray credit and character for trostwor- 
thiness and faithfulness with you," said Lawrence. "If you 
found that I would take a thing from Flippy on certain 
conditions, understood, and then would not observe the 
conditions because he was not there to see, you could never 
have full confidence in my faithfully fulfilling any condi- 
tions that I should make with you." 

John pondered somewhat thoughtfully upon this view 
of the case, but he did not reply. Indeed, it was pretty 
evident that thera was nothing that could be very well 
said in reply. 

Lawrence attached great importance to the idea of sus- 
taining the character of perfect trustworthiness in the esti- 
mation of all who knew him. He was particularly desiroas 
that John should at all times have entire confidence in 
him. He knew, moreover, that the only sure way of mak- 
ing all who know us believe that we are thoroughly honest 
and true, is to be in reality thoroughly honest and ti'ue. 
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CHAPTER XXX. 
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Fob twenty or tliirty miles above New York, the North 
Uver, as it is there called, is of its ordinary width, and 
KTnna in a pretty straight course, with a i-ange of lofty and 
jirecipitous cliffs on oue side, and a series of charming land- 
scapes, consisting of groves, gardens, pleasure-grounds, vil- 
li, public institutions, and pretty little landings leading 
r,to them, on the other. For an hour alVer leaving the pier 
at New York, Lawrence and John remained at their seata 
upon the upper deck, in the midst of many animated groups 
formed of the other passengers — some talking, some read- 
ig, some sitting quietly in silence, but all enjoying the 
wild and balmy air of the evening and the beauty of tha 
scenery. 
"Why do they call this river the North River in New 
ork," asked John, " while every where else it is called the 
Bndson River?" 
"That is certainly very singular," said Lawrence. 
"Even the same people," continued John, "c.nll it the 
Korth River when they are here, and call it the Hudson 
■JfMver when they are in Boston," 
" Not always," said Lawrence. 

" No, not always," replied John ; " but why do they 
■ evci-? What is the use of having two names for the same 
■liver at all?" 
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the other depends in Bome degree upon the place we hap- 
pen to bo in when we use it. That's a cmious philological 
phenomenon." 

"Philological?" repeated Johu. 

"Yes," replied Lawrence; " philology ia the science that 
treats of the origin and the meaning of words, and the 
changes they undergo in the spelling and the use of them. 
It is a very curious subject. You will be very much in- 
terested in studying it one of these days, when you get 
older." 

" Should not I be interested in it now ?" asked John, 

" Perhaps so," replied Lawrence. " You might try. Ton 
might begin by looking into the histories of New York and 
of the early settlements of this country, and see if you can 
find out when and why this river received its two names, 
and also see if you can think of any other cases where we 
have two different names for the same thing, according to 
the place we happen to be in when we are speaking of it." 

"Do you know of any such cases?" asked John, 

"I know of one," replied Lawrence. "When we are not 
in the cant, we commonly call the stopping-places of the 
trains dep6ta,\i\xl when we are in them we call such places 
statiotte. We never ask, for example, when we are travel- 
ing, 'What depot is this ?' or say that we are going to atop 
at the next d^p6t,but always statiwi. And yet, when out 
of the cars, at a liotel, or in the streets of a town, people 
almost always say depot." 

"That's curious," said John; "I wonder what the reason 
isP 

" I think there must be some reason, or at least some ex- 
planation of such a usage," replied Lawrence. "It would 
be a good plan for yon, some time when you have nothing 
to do, to think of it, and see if you can study it out." 

Lawrence did not think it at all necessary that he shonld j 
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try to give some kind of explanation, satisfactory or other- 
wise, of every remarkable appearance or phenomena which 
ttbey chanced to observe, especially when the questions 
-ffhich arose in connection with them related to brandies 
erf" knowledge which John, in the course of his education, 
had not yet reached. He was very willing to open before 
him, from time to time, glinipaea of fields of investigation 
to the very boundaries of which he had not yet attained. 

There was a double advantage in this. In the first place, 
the bringing to his view in this way curious and interest- 
ing questions connected with scenes which he had not bo- 
gun to study, and of the very natui-e of which he had but 
little idea, expanded his ideas in respect to the vast extent 
of the field of knowledge which he had yet to explore, and 
Increased his interest in going forwai'd. Then, in the sec- 
ond place, showing him the boundlessneBS of the field be- 
fore him tended to prevent his becoming vain and con- 
eeited in thinking of the acquisitions that he had already 
jnnde, 

I say only that it (ended to produce this last good re- 
■ultg for it is almost impossible to accomplish it entirely. 
Boys like John, who take a great interest in learning all 
they can, and who, of course, make rapid pi-ogress in leam- 
ig, almost always, for a time, become more or less conceit- 
ed. It is not at all surprising that it should be so, since 
their appreciation of what is contained within the little 
leld which they have already explored is necessarily so 
Miuch more vivid and distinct than any conceptions which 
they can form of what is before them in the boundless re- 
gions into which they have not yet entered. 

About twenty or thirty miles above New York the river 
itxpanda into a broad and spacious lake, called the Tagipan 
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U8 go forward, so that we can look out aliead and see the 
vessels on the water." 

So they rose from their seats and walked through the 
long upper saloon to the forward part of the steam-boat. 
This saloon was richly decorated, carpeted, and famished, 
and many groups of gentlemen and ladies -were seated 
upon the sofas, and lounges, and comfortable chairs, and 
parties of children were playing together here and there 
upon the floor. Along the sides of the room w«r« ranges 
of doors opening into the different staterooms. The i-oora 
was very long, and had a very rich and elegant appea^ 
ance, but the whole expression of the interior was entirely 
different from that of the main cabins of a sea-going steam- 
er. There every thing is solid, massive, strong, and fii-mly 
secured ; here the style was comparatively light, airy, and 
graceful, and to the eyes of Lawrence and John, accus- 
tomed, as they were, to the shocks, and concussions, and 
general rough usage wliicli the Scotia or the Cuba had had 
to sustain from the billows of the Atlantic, seemed exceed- 
ingly fi-ail. 

From the forward end of this saloon Lawrence and John 
passed out throngh a door to an open part of the deck over 
the bows, where they had a very fine view of the grand ex- 
panse of water before them. 

"What a splendid lake!" said John; "and how many 
Btcam-boats and vessels !" 

"Yea," replied Lawrence; "isn't it a pity that is all 
going to be filled up?" 

" Going to be filled up !" repeated John, much surprised ; 
"what are they going to fill it up for?" 

"They are not going to do it. It is the river that 
will do it," replied Lawrence. " The river will fill it all 
up, except a winding channel that it will leave through 
the land that it makes for its own flow. All the rest 



.ill be filled up and formed into a region of level green 
%elda." 

Jobn was mnch surprised at tliis statempnt, and asked 
bow it would be done, I^wrence explained to him that 
the lake was a vast boliow in the land filled with water, 
Aod that the river was all the time bringiDg down sand, 
tnd pebbles, and sediments of various kinds from the coun- 
ty above ; and that, though some of these materials were 
eBrried through and borne out thivaugb the lower end of 
ie lake, and so onward into the sea, some portion must 
lecessarily be left behind, and in process of time the whole 
Jfike must be filled. 

"Nonsense!" said John; "such a great lake as this 
wuld never be filled in this way. There would not be 
ledinient enough brought down to fill it — not in a thou- 
nnd years !" 

" Perhaps not," said Lawrence ; " but if the river could 
not fill it in a thousand years, it might in ten thousand." 

" No," rejoined John, " I don't believe it would fill it 
even in ten thousand." 
L "Then ten million," replied Lawrence. "You can have 
Ru many years as you want. There are jilenty of them 
Booming. If there is any deposit at all left in the lake, and 
Eiothing to take it away, the lake must some time or other 
Httecome filled np." 

■ The convei-sation on this subject was continued between 
■Xawrence and John for some time, and in the course of it 
HLawrence explained somewhat at length the manner in 
Vwhich natural depressions in the snrface of the land which 
Kpccur in the course of the current of a river, or widenings 
Kof the valley through which it flows, and which at first be- 
■pome, of course, so many reservoirs of water sitjiplied by 
Hhe river, thus forming lakes, are gradually filled iip by de- 
Hbouts of sand and soil, so as to form iti the end broad Qta.lD& 
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l>ordGru]g the river, covered -witli Terdaro and trees, and 
■with a tortuous chamiel through the centre of them kept 
open for the paseage of the water. 

The process is a very curious one, and has been observed, 
and the different steps of the progress of it in particular 
instances have been carefuliy noted and recorded by men 
of science. 

The jihilosophy of the operation ia this : All rivers in 
their flow bring down with them a great deal of sediment- 
ary matter, which results in part from the disintegration 
of the rocks and mountains among wliich their severnl 
branches take their rise, and also from dust blown into 
them by the wind, and from decayed animal andvegetablo 
substances bronght into them by the rains. 

The heavier portions of these substances sink rapidly, 
and arc rolled along the bottoms of the rivers in the form 
of pebbles and sjind. Those that arc not so heavy siuk 
more slowly, and where the flow of the stream is rapid and 
turbulent, their compicto subsideuce is entirely prevented 
by the surging and wliii-1 of tlio water; and in general, 
the tendency to subsidence on the part of the solid matter 
held in suapension is detennined in a great measure by the 
fllowness or Bwiftness of the current. 

Now, in all those places where the river ia very broad 
and deep, the motion of the water is very slow, on account 
of the space through which it moves being so vast, and the 
quantity moving being so great, that the whole amount 
that has to pass through during a given time can be trans- 
mitted by a very slow motion. 

Of course, in all those places where the space is eo wide 
and deep as to fomi a lake, the deposition takes place much 
more rapidly than in other places; and, nnloaa something 
interferes with the procesa, the lake, after a certain time, 
becomes entirely filled up. 
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"Then I don't see," Etaid John, when Lawrence had ar- 
rived at thiB point in his explanation, "how any channel ia 
left for the passage of the water." 

" There is something very curioua and remarkable about 
that," replied Lawrence, " You see that the tendency to 
deposit is greatest where the water is most nearly in a 
etato of repose, and least along the line of swiftest motion. 
Where this line of swiftest motion would be would depend 
much upon the conformation of the shores, hut it would in 
general tend to pass somewhere through the middle oi tho 
lake. Of course, aa the progress of the deposition goes on 
nearer the shores and in all the stiller portions of the 
water, the space which the whole volume of the water will 
have for its flow will be more and more contracted, and 
the current along it will become swifter and swifter, and 
thus, aa tiie channel becomes contracted and defined, there 
will be an increasing force in the flow of the water to keep 
it from being closed entirely. 

"At last," continued Lawrence, "things would come in 
Buch a case into a state of equilibrium — that is, the tenden- 
cy of the sediment to subside through the water by its 
weight, and to be borne onward by the swiftness of the 
current, would balance each otlier, and tho channel of tho 
river would then become in some measure permanent as to 
its dze — that is, as to what ia called the area of its section, 
only now, instead of forming a lake, it would flow moao- 
deringly through a level plain, over which every freshet 
jrould deposit a fresh layer of fertilizing soil, until it was 
raiaed far above the level of the ordinary flow of the 
river." 

Lawrence went on farther to explain that thia process of 

filling up all the natural deprcsaioua in the land through 

which rivers flow, and which originally formed tho beds 

of lakes, had been gomg on for thousanda of years, ancl 
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thai there were now found along the courscB of all rivers a 
great many places where, according to evcsry appearance, 
there had formerly been depressions which the river orig- 
inally filled with water, bo as to form lakes and ponds, but 
which are now filled up nearly to the height of the highest 
freshets, and have become emooth and level plains, covered 
with grass and trees. Sach grounds as these are called 
meadows and intervals, and sometimes river bottoms. The 
river flows through these fluviatlle lands — that is, river- 
made lands, by a very devious and winding channel, which 
is continually changing. 

"Why docs not it flow straight, and keep always to the 
same channel f" asked John. 

"Ah 1 that is a very important quGstion," replied Law- 
rence, " though I have not time to explain the case to you 
now, for it ia about time for the gong to sound for tea. 
Wo shall have an excellent opportunity to study the op- 
eration of the water in a river channel at Carlton, when we 
got there, for yon remember the river twists and winds 
abont there through the meadows in front of our house, 
and wears away the banks on one side or the other inces- 
santly," 

" Yes," replied John, " it twines about in great sweeps, 
and the banks in the hollow of the sweeps are caving in." 

"It is almost always so," rejoined Lawrence,"with the 
coni-se of a river through the lands which it has made 
itself. There is a splendid opportunity to see this from 
the top of Mount Ilolyokc, where we look down upon a re- 
gion which seems once to have been a great lake, but 
which now consists of a plain formed of the most fertile 
and beautiful meadows in the world, the river flowing 
through them with the most extraordinary windings." 

The engraving gives us a glimpse of these lands, and of 
the windings of the river through Uiem, as seen from near 
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the Bummit of Mount Holyoke. It preseiitB to our view a 
very perfect example of an ancient lake filled up, and the 
river flowing through the new ground in a tortoous chan- 
nel. 

" Are we going by Mount Holyoke on our way home ?" 
asked John. 

" We are going pretty near to it," said Lawrence. 

"Then let us stop and go up," said John; "I like to 
climb mountains and see the views." 

" Very well," replied Lawrence. " The view from Mount 
Holyoke is very beautiful, and it is very instructive, too, 
for one who is studying thcBc subjects. But we can eee 
the operation of the process to better advantage at Carl- 
ton, for there every thing is on a smaller scale, and the 
changes are more perceptible. The great principles are 
the same in all cases, from the smallest brooks to the 
mightiest rivers. But why does not the gong sound?" 

" I wish it would sound," replied John, " for I'm hungry 
for supper." 

" The general piinciplo is this," resumed Lawrence, rc- 
Terting to the subject of the flow of rivcis : " The true and 
ultimate function of brooks and rivers is to remove the 
' tnounlaina to the seal Of course they can not carry them 
down whole, but the frost, and the ice, and the rain disin- 
tegrate and wear away the rocks, and deliver the materials 
into the streams in such a form that the water can carry 
them on. The river first employs these materials in filling 
up all the hollows and depressions in the ground that it 
meets with on its way. But it does not leave any single 
portion of them long there, for, by twisting and winding in 
its course, it continually washes away and carries down 
the stream successive portions of the land it formed yeara 
before, and replaces what is thus removed Cvovft. one %\!^ <vt 
the river by new fonnationa,-w\\\c\\\V ^■t«.&.'MS^-^^i>^i&.^ -«i4 
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on the other aide fram fresh materialB. We Bhall be a 
to see all this work going on, upon a comparatively small 
scale, when we get to Carlton." 

Carlton was the name whicli I give to the town where 
Lawrence and John lived. It was situated among the 
mountains in the interior of New England. 

" I mean to watch the river when I get home," said John, 
"and see how it works," 

"You can even do more than that," rejoined Lawrence; 
" you can actaally expeiTmeut with a stream yourself, if 
you take one small enough ; for the laws which govern the 
flow of water, and the transportation of solid matter sus- 
pended in it, or boi'ne along hy it, are the same, and the 
effects that result are analogous, whatever is the size of 
the stream ; only in the smaller streams the changes are 
more rapid, and being, moreover, comprised within a nar- 
rower area, are more easy of observation." 

" Yes," said John, " there's the Beaver Brook, where I 
used to liave my dam. I mean to go and sec how it is on 
the Beaver Brook as soon as I get home." 

The conversation on this subject was hero suddenly in- 
terrupted by the sound of the gong, on hearing which John 
rose at once with great alacrity, and, followed by Lawrence, 
went down to supper. He, however, did not forgot wJiat 
Lawrence had explained to him about the action of rivers 
in filling up such natural depressions in the land as came 
in their course, and forming green and fertile meadows in 
the places they had occupied, nor the resolution whicli he 
had made to investigate the subject by observations and 
experiments upon the streams in the neighborhood when 
tie should reach home. An account of the results of these 
observations and experiments will be contained in the next 
\yolume of this senea, which is to W fci\\;\\\iii\TK-ra.-B. dxn 
i,v/>. 
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CHAPTER XXXL 



The san liad gone down aud the twilight was far ad- 
vanced before the gong was sounded which summoned the 
.paasengers on board the eteamer to suii])er, and when Law- 
lence and John went below they found the supper-tables 
.lighted by a long row of candles. 

"Why don't they light the cabin with gas?" asked John, 
18 soon as they were seated at tlie table. " Oh 1 I might 
lave known myself," he added, after a moment's reflec- 
tion ; " they could not bring the pi|>cs on board." 

"True," i-eplied Lawrence, "they could not bring the 
gas in by pipes from the mains in the city, but there arc 
other ways in which we can conceive of gas being bronght 
on board a steamer besides drawing it from the great city 
gaaometei's. In the form in which it exists in these gasom- 
aters, it ia altogether loo much expanded and too bulky to 
be conveniently transported or stored, but there are two 
htodes of bringing it in a more compact form ; fii-st, by in- 
itroducing it in what may be called the originai packages, 
•nd, secondly, by packing it anew expressly for the pur- 



John did not know at all what Lawrence meant by this 
language. He did not understand, he s;ud, how such a sub- 
i gas could be packed at all. So Lawrence ox- 
jilained to him what he meant. He did this in convei-sar 
tion which was partly held at tlie supper-table, and partly 
aA^rward iu the saloon above, when they went up after 
^e sapper was concluded. Tlie substance of the conver- 
MioB woB this: 
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One would not anppose that such a substance as gas 
Gould bo packed very easily io aoy way, and yet Nature 
has the art of stowing it in a very compact form in all that I 
class of Bubstances which have already been described as 
hydrocarbons — that is to say, in almost all natural sub- 
Btancea that are inSammable. It is packed very closely 
in wood, in all bituminons coal, and in all sncli substances 
as resin, pitch, wax, and tallow, 

"Indeed," said Lawrence, pointing to one of the tall can- 
dles which stood upon the table before them while they 
were at supper, " providing these caildles is only a mode 
of bringing gas on board in a compact and manageable 
form. The pai-affinc of which these candles are made is a ' 
hydrocarbon — that is, it is composed chiefly of hydrogen ! 
and carbon combined with each other and packed very i 
closely together. The heat of the burning wick liberates 
them and restores them to their gaseous form, and they 
then bum, just as the gas in the cities does from a jet; 
only, in the case of the candle, the gas is burned directly : 
as fast as it is set free, and in the place where it is set free, 
instead of being saved and stored in a great reservoir, and 
then conveyed in pipes to be bnrned in different places at 
a distance from where it is produced. In a philosophical 
point of view, and in alt essential respects, the burning of 
a candle is the same as burning gas from a jet." 

"That's curious," said John; "and is it tho same with 
a lamp ?" 

"Precisely tho same," replied Lawrence; "only, in the 
case of the lamp, the material from which tbe gas is dis- 
tilled is a liquid, instead of being a solid, as it is in the 
case of the candle. 

" Thus, in point of fact," continued Lawrence, " they do i 
burn gas in this Bteamer. They bring it on board packed 
rery snugly in the paraESnc oE \,\ic coti4\<;*, TW-j -ca^Ki^ 



even, ia fact, bring it packed in coal, were it not for the in- 
convenience thoy would incur in that case in the work of 
unpacking it." 

In speaking thus of hydrogen and carbon, which are the 
constituents of illuminating gas, asjincAerfin paraffine and 
in coal, Lawrence used language, it must be confessed, in a 
somewhat figurative sense ; but these materials do certain- 
ly exist in those substances in a very highly condensed and 
concentrated condition. Indeed, Nature seems to have the 
power of carrying into effect this kind of packing in a most 
extraordinary degree. 

Water, for example, is composed of the two substances 
oxygen and hydrogen, both of which in their ordinary con- 
dition, as known to us, appear in the form of a gas. Na- 
ture, in combining these substances in the form of water, 
brings enormous volumes of them into very small compass, 
and retains them in that condition without any external 
force of compression or any means of confinement what- 
ever. Man can not produce this condensation by a press- 
nro of a hundred and fifty atmospheres. 

I shall presently explain what is meant by an atmo^here 
e& a measure of pressure, though the explanation will not 
help the reader to form any distinct conception of what a 
presanro of a hundred and fifty atmospheres is, as no one 
can fonn any adequate idea of such enormous forces ex- 
cept those who have witnessed the pi-oduclion of them 
and observed practically some of their effects. 

Somewhat in the same way by which the powers of nar 
tiire hold the naturally gaseous substances of oxygen and 
hydrogen in so very compact and concentrated a condition 
in water, do they also hold the carbureted hydrogen in the 
paraffine of the candle and in coal. In the case oCcaal^^iMk 
^nantit^' held within a given ^paco \ar\<i'i.TO»KXv,*'«»«*^™'* 
to the different qualities of the coa.\, au&. ^-o 



stances ; but it is not nncommon to find a quantity of U- 
Inmtnating gas sufiicicnt to fill a room thirty feet square 
and ten feet high so closely compressed in the coal con- 
taining it, that if, while it was in that state, it could be 
separated from the other conatituents of the coal, it would 
form a solid block which a man could easily lift. 

Thus, as Lawrence said, bringing the gas on board the 
vessel packed in parafiinc or in coal is altogether a more 
convenient mode than to attempt to bring it in pure, in its 
natural form and of its natural bulk, as gas. In the form 
of parafiine it is much nioiHi expensive, in the fir'st instance, 
than as one of the constituents of coal, but then it is much 
more easily extracted, or, perhaps, it would be better to 
say, developed, from thai substance than from coal ; for, 
in the case of pai-affiue, or wax, or tallow, or any other ench 
Bubstance, all that is necessary is to have a wick passing 
np through it and set on fire, and the process of melting 
successive portions of the substance, and converting them 
■into an illuminating gas, goes on of itself, without any ap- 
paratus or machinery whatever. 

Whereas, on the other Iiand, although people might ob- 
tain the necessary supply of gas in coal cheaper tlian in 
any of those other forms, there would be required a com- 
plicated, and expensive, and bulky, and even somewhat 
dangerous apparatus to distill it. There would have to be 
it furnace to heat the coal, and tight iron retorts to contain 
it so as to prevent the gas from being burned in the for- 
nace as fast as it was produced, and a reservoir to store it, 
*nd pipes to convoy it to the different parts of the vessel 
where it might be required, all of which would involve 
much trouble and expense. 

"That would not do at all," said John, when Lawrence 
explained these tilings to him. 
" EFpocmlly,'" he added, nfVfv UuiiVing, a toowvi;\\\.,"-\\\ 
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the case of a steamer at soa, tossing and pitching about in 
a storm." 

Besidea these objections ivhich Lawrence pointed out, 
we may add that the process of preparing gas from coal, 
or, as Lawrence called it, the work of " unpacking it," not 
inly involves the use of complicated machinery, but re- 
quires skilled workmen to manage the machinery and to 
conduct the process. And these men must devote, too, all 
their time to the work, and must be well paid, so that it 
1 every account, much bettei- to produce the gas for 
illumination from some of the sabstances that can be used 
in the form of candles or in lamps, though tlify cost more 
at the outset. It is only when very large quantities of gas 
e required, and in places, too, where there is ample room 
lor all the machinery and appointments, that it can be 

rrofitably obtained from coaL 
Thus it can be manufactured advantageously on a great 
Bcale for lighting cities and towns, and even for extensive 
private eEtablishments where there is plenty of space at 
command for the necessary works; bnt for single dwell- 
ings, or aniall establish raents of every kind, if they are to 
be lighted artificially at all, the gas mnst be brought in 
packed, as Lawrence called it, in parafEne, or wax, or spor- 
maceti, or tallow, or oil, or kerosene, or some other similar 
Jiydrocarbon. 

" I never thought before," remarked John, when Law- 
penoe had made these explanations to him, " that, when 

u were burning lamps or caudles, we were really burning 



"Yes," replied Lawrence; "what is nctnally burnt in | 
K>th cases is essentially the same, only, in the ease of a 
landle or lamp, the gas is burned as fast as it in set free, 
phile in the case of regular gas-works it U tsf^^ feci\is.\sfc- 

f bamed for a tirao after it ia set lxtt«,«(ii>a. <iKwc«»£^«*- 



I in pipes wherever the light from it is wanted. Even the 
I Same of burning wood from a fire is the flame of gas, you 
I recollect." 

I remember you told mo once," replied John, "how I 
ht draw it off from the lire through a pipe-stem, and 
bnm it at the end of the stem." 

"Yes," rejoined Lawrence; "and we might eaeily draw 
it off farther than that, if we chose, by means of an India- 
rubber tube. 

" Only, in that case," added Lawrence, " it would be bet- 
ter to take some other larger and stronger receptacle than 
the bowl of a pipe for a retort — a gun-barrel, for instance. 
Chemiata employ gun-barrelB very often for such experi- 
tnents. An old gnn-baiTel which is past service for shoot- 

r, such as can generally be obtained at a gansmith'B, will 
make a very good retort for such purposes." 

Lawrence went on to explain that, by taking such a gun- 
barrel, and, after plugging up the touch-hole, filling it half 
flill of some hydrocarbon and connecting a long India-mb- 
ber tube with the outer end of it, the gaa could be con- 
veyed away to any distance — to a stand of some kind, for 
example, upon a table in the middle of a room — and there 
bnmed just like gas from a pipe laid in the street. 

John said that be should like very much to see that 
done. 

"Very well," replied Lawrence; "we can do it, or, rath- 
er, you can do it youraelf under my direction, vhen we get 
home. I mean to fit up a little laboratory and workshop 
in Carlton, and you can then perform as many such ex- 
periments as you like." 

"I mean to make some gas, at any rate, for one thing," 

replied John. "Only," he added, after reflecting a lao- 

inentj " I should think that the end of the Indlarrubber 

t tabe, wbcro it is slipped o\ct the ctvi o^ ^^'i ^.Msi^iaK^A, 
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would begin to melt or burn pretty booh. You eee, if the 
butt end of the barrel was in the burning coals, the muzzle 
end would get quite hot in a very short time." 

" Certainly," replied Lawrence, " unless we devised some 
way to keep it cool. There are a great many practical dif- 
ficulties of this kind to be encountered in making chemical 
experiments, and it requires sometimes a good deal of in- 
genuity to contrive means to surmoant them. That is one 
reason why making chemical experiments is so useful to a 
boy BO Boon as he is old enough for such work. It sharp- 
ens his wils. 

"As to keeping the end of the gun-barrel cool," contin- 
ued Lawrence, " there is a simple mode of doing that. We 
have only to wrap the outer end of the barrel, where the 
India-rubber tube joins it, with a strip of cotton cloth, 
winding it round and round in the form of a bandage, and 
then keeping the cloth wet by pouring on a little water 
from time to time out of a pitcher." 

" Yes," i-eplied John, " that would keep it cool." 

" Water has a wonderful power to keep any thing cool," 
Baid I-awrence, " even though it is hot water." 

"That is very strange," said John. 

" I mean," said Lawrence, " to keep any thing from get- 
ting very hot — red hot, or hot enongh to melt or bum 
India-rubber, for example; for, before the iron around 
which the wet cloth is bound becomes hot enough for that, 
it will be hot enough to boil the water, and water absorbs 
Euch an cnomious quantity of beat in boiling as to keep 
the temperature of tho iron down to a comparative low 
point. Of course, as fast as the water in the cloth is boiled 
and converted into steam, you must pour on more, so as to 
keep the cloth all tho time wet." 

" That would be a great deal of trouble " iis-vi Iq^j^. 

"Yes," replied Lawrence," an3i\>iete"«ov^^'^«> •». 
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many other troulilds and incon-veiiiences in the attempt to 
produce gita on a Eruall scule for any practical purposes, 
bm we might be willing to take the trouble otico for the 
sake of i>erforming the experiment." 

" Oh yes," replied John ; " and I mean to try it if yon will 
help me. I mean to have a small pitcher and pour a little 
water on every few minutes." 

Before leaving this subject of the management of gas, I 
will add that there is an artificial mode of packing this 
I bulky commodity after it is evolved, by compreaninff it, 
with great force, in metallic i-eservoira made prodigiously 
strong to resist the pressure. Tlie gas is driven into these 
reservoirs by means of forcing-pumpa working with givat 
power. The French have adopted this system in Paris to 
a considerable extent. The engraving represents a wagou 
loaded with gas thus compressed, 

The interior of the wagon is occupied by nine cylindeni, 
wiiich are made of copper, and are of enormous strength, ' 
There is forced into each cylinder ten or twelve times as 
much gas as it would naturally contain if the gas were of 
its ordinary density; and as the expansive pi'cseure of the 
ia in propoHion to the quantity of it that is forced into 
a given space, the whole interior surface of each cylinder 
has a force pressing upon it from within outward, and bo 
tending to bui'st it, of i«?i or twelve atmo^heres! 

For you must nndcratand that pressure in mechanics is 
measured by atmonp/ierea. The pressure of the atmoEphero 
is reckoned at fifteen pounds to the square inch. The 
actual pi'essure of the atmosphere varies from day to day 
in the same place according to the quantity of air that 
e may happen to be for the time being over the place, 
and in different places accoi-ding to their elevation above 
the level of the sea; bat fifteen pounds to the square inch 
is taken as the standard of measurement, or, in Other worda, 
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fifteen pounds to the square inch is an atmosphere of press- 
ure. This is a fundamental principle or fact which it is 
I very important to remember. It comes continnally into 
philosophical and mechanical calculations. 
The meaning of the principle thus stated is, that, light 
and rare as the atmosphere seems to us, in moving through 
it, it extends to so great a height above the surface of the 
earth, and the quantity is in the whole so great, that the 
weight of it is equal to fifteen pounds upon every square 
inch that it presses upon. That is to say, if you place a 
< small block of wood an inch square upon a table, and a fif- 
teen pound weight upon the block, tho additional pressui-e 
wouldbe that of one atmosphere/ and this additional press- 
ure would be just equal to the original pressure of the at- 
biosphere itself, so that, with the pressure of the weight, the 
whole pressure would be e:(actly doubled. 

Now this original pressure, great aa it is, is not felt by 
US, because it acts in every direction ; just as a fish swim- 
ming in the water docs not feel the weight of the water 
over liim, because, the water being so perfect a fluid, the 
pressure resulting from the weight diffuses itself and bal- 
3 itself in every direction, so that the fiah fioats in it, 
were — in the prcBsurc, I mean, not the water— and is 
BOt sensible of it at all; so we ourselves float, as it were, 
1 the pressure of the air, which acts from above atid be- 
low, upon every substance and upon every side of it, equal- 
fly, and even ftom the pores and interstices within it oiit- 
lirardly, so that it produces, in ordinary cases, no jjcreepti- 
ble efiect. The amount of it, however, in every direction 
lod from every side, is fifteen pounds to the square inch. 

Now this pressure is really much greater than one would 
It first imagine. The surface of one eido of a man's hand, 
for example, contains not less, ine\\i,i\wij, ^\« ^■&'g£rt.,"5«»Kv 
^vnty square Inches ; eonfienttPnV\^ ,\\vtt ■we\^i- **■*>■•*= "**- 1 
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pressing upon tho hand whea tbo man liolds il out hori- 
zontally before him is not less than twenty times fifteen 
pounds — that is, three hundred pounds ! Now, if this down- 
ward pressure upon the upper surface were not balanced 
and counteracted by an equal upward pressure upon the 
nnder surface, and also fiom certain resisting pi'essures ex- 
erted by the fluids within the band, no man could hold liis 
band out horizontally in that manner for a moment. 

We Bto what the prodigious force of this pressure is, 
when not counterbalanced, hy the action of certain eteam- 
engines which are worked on the principle of producing a 
vacuum upou each side of tho piston in the cylinder alter- 
nately, by which means the CDuutcrbalancing pressure is 
taken off, and tlie pressure of the aii' on the other sido is al- 
lowed to actwithout any thing to oppose it. By this means 
the piston is driven to and fro with prodigious force, de- 
veloping a power that is sufficient to work the heaviest ma- 
chinery, and all by the simple pressure of the atmosphere 
upon one side of the piston when the balancing reaiatai:"'! 
on the other side is taken away. 

And yet this ia only the pressuie of one atmosphere. It 
is precisely this amount of pressure which ia exerted both 
on the inside and on the outside of a glass bottle, or any 
other receptable the interior of which has an open and free 
communication with the outside air. 

If, however, this free communication is closed, and a 
double quantity of air is forced into the receptacle 
through a pipe iitted to it for the purpose, then wo should 
have the pressure of two atmospheres on the inside and 
only one on the outside, and there would bo a eurplns 
force of fifteen pounds upon every square inch of the in- 
ternal surface, tending to burst the veaael. If treble the 
quantity were introduced, then there would be a prepon- 
derance of two atmospheres — that is, of (Ai'rty pounds to 




GAS COMFBESSKU, 307 

tfie sqaaro inch. This amount of pressnre on everj square 
[nob of a vessel of the size of a barrel, for example, would 
tonstitule an enormous bursting force — a force of forty or 
Y thousand pounds! 
It is on this principle, however, tliat the copper cylinders 
in the gas wagon shown in the engraving were filled, and 
yet so prodigiously heavy and strong were they made, that 
sometimes, as has already been said, ten or twelve volumes 
of gas were forced into them. If the number ia taken as 
eleven, then, allowing one to balance the ordinary atmos- 
pherio pressure on the outside, we should have an expan- 
sive force oi a hundred and Jifly pounds to the square inch 
acting all the time upon the interior surfaces of all the oyl- 
indei's. 

The gas, in this compact form, was conveyed about the 
city aod delivered to the consumers. Those who chose to 
take their gas of this company, of course, were obliged to 
provide the means of receiving it in the form of a gasome- 
ter, or of some very strong and well-secured receptacle, for 
the cylinders in the wagon were altogether too massive, 
uolid, and heavy to be removed. When the wagon arrived 
bt the door of one of tlie customoi-fi, a pipe from one of the 
■Aylindcra in the wagon was connected with one communi- 
KdLting with the reservoir within, and then, when the stop- 
Boock was open, the gas from the cylinder would rush in by 
lltts own expansive force until the quantity in the two re- 
neptacles was equal — that is, in case the receptacles them- 
■ielves were equal — and the pressure would be tlint of five 
ntmospheres in each. 

■ Then, of course, no more would flow from that cylinder, 
B>iit an additional quantity could be thrown in from a fresh 
fcylinder where the pressure of the whole ten atmospheres 
Bras Mill entire. The first cylindei-, moreoverj which had 
Hfcllvcred half its gas, could be made to deliver more nt 
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the establishment of the next customer, whose receptacle, 
being empty, would be ready to take half of that which 
still remained. Thus, while the cylinder in the wagon 
would deliver five atmospheres at the first customer's, it 
would deliver two and a half, which would be half of the 
remainder, at the second, and so on. In this way, with 
proper management, a large portion of the load could be 
delivered, and the residue, which was not delivered, would 
not be lost, but would remain in the cylinders as so much 
toward the next filling. 

The plan, however, after all, was not found to be practi- 
cally successful. There were so many difficulties and in- 
cumbrances to interfere with the easy and convenient 
management of it that it never was carried into extensive 
operation. One good, however, results from the experi- 
ment : it affords an excellent illustration to aid the young 
student to understand the nature and the operation'of 
pressures^ and the modes of measuring them, and Law- 
rence made very good use of it for this purpose in his 
conversation with John. 
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CHAPTER XXXn. 



The steamer by wbicli LawreocG and John made their 
passage up the North River arrived at Albany early in 
the morning. From Albany they were to continue their 
jonmey by land. Their route lay to the eastward, toward 
New England. The aeenery along the road was very pic- 
turesque and beautiful, and the locomotive, as if equally 
proud of the large company of neatly-dressed passengera 
under his charge, filling tlie long train of cars which he 




had to draw, and of the beauty of the conntry through 
which he had to take them, ran whistling along his way 
as if liis heart was filled with gladness and joy, now 
winding around the point of a rocky hill, now running' 
with redoubled speed down a long incline, but alwayst 
bringing, at every moment, new scenes of fertility node 
beauty into view — smiling valleys, pretty towns, and fop 
eBt-oovci-ed hills. 

John was much interested, as they went on, in obsei'ving 
all the streams flowing through the valleys which they 
could overlook from the windows of the car, and he sair 
many examples of such streams pursuing a very meandeiv 
ing course through level meadow-lands, which had everjjj 
appearance of having been formed by the filling up of aw 
cient lakes or ponds. The case in which this effect waft 
manifested on the grandest scale was that of the wiudiogfl 
of the Connecticut Ilivcr at the foot of Mount llolyoka, 
The travelei'S stopped over one train expressly to obtain 
a good view of this valley, whicli object they attained bp 
going partly up Mount Holyoko. They did not bavQ tims 
to go to the top. 

When at length they took their places in the traict again 
to resume their journey, John amused himself with readioK 
for a time, and then finally shut his book and said be waft 
veiy tired, 

" I suppose you did not Bleep very well last night on 
board the steam-boat," said Lawrence ; " and, besides, ife 
have had a somewhat fatiguing time of it to-day," 

So Ijawrence proposed that John should place himself id 
a comfortable position and see if be could not go to sleepk 
John said he was sure he could not go to sleep, for he wMt 
not sleepy. 

" roil can put yoarseW in a t(jTO.fo«.aVi\e position, st any 
late/'eaid Lawrence," and tWnlwVWv.^lo'a.^-a. 



John saiii that that was exactly what he should like. 
'So he placed hia feet upon the valise, and leaned his head 
rnpon Lawrence's shoulder, and Lawrence began : 

" ni tell you the story," said lie, " of the man who first 
discovci-ed tho mode of lighting hy gas. His name was 
Ijebon. lie was a Frencliiuan, and an engineer by profee- 
He was in the government employ, being engaged 
in superintending ccrtahi public works and mannfactnrea. 
But, besides his regnSar business, he was greatly interested 
En making investigations and experiments," 

"That was a good thing," said John. 

" Yea," replied Lawrence, " if it was not carried too far. 
Be was charged with neglecting his regular duties in or- 
fler to gain time to make his experiments. I do not know 
Whether the charge was just or not, but I advise yon, if 
fon make any experiraents this winter, not to let them in- 
Tfere with your regular studies." 

John did not answer. The truth was, he was beginning 
io feel a little sleepy. 

"The first experiment that he made in relation to gas," 
)6ntinued Lawrence, " was something like our plan of dis- 
ulling gas in a pipe, only he used a glass bottle instead of 
K pipe. He observed, in watching the fire, that the ll.ime 
gometimes seemed to flicker in the air at a little distance 
fiom the wood, and he conceived the idea of se|iarattng it 
entirely. So he filled a glass bottle with sawdust, and 
fitted some kind of a tube into the mouth of it, and then 
jmt the bottle into the fire among the burning coals." 

" But, Lawrence," said John, partially Brousing himself, 
^the bottle would break." 

' " Yes," said Lawrence, " if he put it in suddenly it would 
ttreak, but you can heat glass very hot if you heat it very 
i^dually, and Leboii, no dowbv, looV &\\ Titucwa.^^ -(;«*i<; 

His cvjierimeiil succeeded scvv 'scW. "TwrwVsN.twA. 



CONCLUSION. 

it on a larger scale ; but the gas, as lio first formed it, had 
many impuvities combined witli it which gave it a bad 
smell. He had a great deal of trouble in contriving modes 
of freeing it from these impurities, hut he sacceeded toler- 
ably well at last. 

" He had, however, a great many difficulties to contend 
with. Hia salary was very small, and the condition of tlie 
government at that time in France was so unsettled, that 
what was due him was very slowly and irregularly paid- 
All his friends and acquaintaaces laughed at him, too, as a 
visionary Bchemer, 

"He, however, peraevered, and at length succeeded in 
getting his invention so far perfected that be constructed 
an apparatus eufficient for lighting a bouse which ho hired 
for the purpose, and then he advertised his plan and opened 
his house once a week or eo to the public, on the payment 
of three francs admisBion. Do you rcpiember how much 
three franca is, of our money ?" 

John did not answer. 

"Iveiily believe the hoy ia asleep," said Lawrence, speat- 
iog to himself; "so much the better. Sleep will do him 
more good than any story." 

So Lawrence did not disturb him, but let him sleep on, 
and John did not wake until ho so nearly reached home 
that he did not ask for the rest of the etory. I will, how- 
ever, add that poor Lebon did not live to aee the final suc- 
ceaa of hia invention. In the midst of his active efforts to 
induce the goverament to make arrangements for giving 
his new mode of illumination a fair trial on a proper scale, 
he was found one morning murdered in a public park ia 
Paris, or, rather, in a wood which has since become a pub- 
lic park of great celebrity, but which waa in those days des- 
olateand lonely, and the te60Ttotl\i\ftNes.wvi robbers. It 
was supposed that, in cvoaains V^a?- ?,tqv«sS. sin-\ia -wis^ \n 
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Ills home, he was waylaid and killed by the highwaymen 
that infested the place at night, on account of its very dark- 
ness and obscurity. 

He lost his life thus for want of the safeguard in lone- 
some places which simple illumination aflfords — a safeguard 
which in those days could not be provided, but which, 
through his discoveries, was soon to be introduced into all 
the principal cities of the world. 

Indeed, in every sense of the word, one of the greatest 
means of protection for the community against the preva- 
lence and the consequences of vice and crime is Light. 

Early in the evening Lawrence and John anived safely 
at their respective homes. 

O 
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